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Automatic Combustion Control 


the HAYS Vertiscale sino 


Gas Analyzers * Draft Gages 
Combustion Test Sets * COs Recorders 


You designed this draft gage! You asked for these features! 
Accessibility from the front makes possible easy “one man” method 
of quickly checking zero. (The fast 3-way cock with test fitting har ila 


for inspection or adjustment. Removal does not affect other units 
in the case, does not disturb calibration of unit being re-installed. 
| No parallax—design eliminates reflections regardless of viewing angle 
No glare—internal fluorescent lighting is standard. 
You get all these values plus functional styling 
in the Hays Vertiscale draft gage! 
Write today for full information on the 
Hays Vertiscale Bulletin 52-1060-210. MICHIGAN CITY 32, 


is standard on the Hays Vertiscale). 


Simple maintenance—individual units can be quickly removed 
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To the Readers of CONSULTING ENGINEER 


This issue of CONSULTING ENGINEER inaugurates a new publishing 
service—the first magazine to be edited specifically and exclusively 
for consulting engineers. 

For many years consulting engineering firms have assumed in- 
creasing responsibility in the effective development of American 
industry. Today almost all new industrial and utility projects are 
designed and constructed by firms specializing in these services. 
The great majority of industrial corporations call on consulting 
engineers for specialized and expert consultation on varied engi- 
neering and management problems. 

Certainly it is proper for this important profession to be served 
by a publication of its own. That is the objective of the new 
monthly magazine, CONSULTING ENGINEER. 

Our first editorial aim is to provide valuable, up-to-date informa- 
tion in our feature editorial pages under the headings of Engineer- 
ing and Technical, Management and Operations, and Industrial 
Economics. These pages will be highlighted by articles written 
exclusively for CONSULTING ENGINEER by leading authorities in 
engineering and management. A second editorial purpose will be 
the extensive reporting of news from within the profession of con- 
sulting engineering; news of men, companies, and new projects. 
And the reporting of news essential to better service to clients; 
new products and equipment, engineering developments, current 
technical literature, regulations and legislation, and progress in 
research. Completing our editorial service will be your participa- 
tion. The pages of CONSULTING ENGINEER are open for discussion of 
timely and consequential matters of interest to consulting engi- 
neers. It is our hope that this magazine will provide a sounding- 
board for the opinions of the consulting profession. 

The circulation of CONSULTING ENGINEER is on a controlled—or 
selective—basis. Your name is on our circulation list of 7,600 
names because you qualify as an executive or key engineer in one 
of America’s leading consulting engineering firms, or as an ex- 
executive-engineer in the central engineering department of a lead- 
ing industrial corporation or utility. This introductory issue has 
been mailed to your office; however, because of the number of 
important editorial articles and interesting short features, we 
know many of you will want it mailed to your home where you 
will be able to read it at a more leisurely pace during the month. 
If you will indicate this on the enclosed return post-card, our 
circulation department will be pleased to mail it to your home 
address. Regular monthly publication will begin early in 1953. 


During the months of research and planning that preceded this 
first issue, our staff contacted a great number of the prospective 
readers of CONSULTING ENGINEER for advice in editorial and circula- 
tion development. For this guidance and willing cooperation the 
staff of CONSULTING ENGINEER is sincerely grateful. We would also 
like to hear from those whom we have not been able to contact 
personally. Your comments regarding this issue and suggestions 
for future issues will be most helpful and read with interest. They 
will put CONSULTING ENGINEER, the first magazine published ex- 
clusively for you, off to a good start. 


DeWitt Young, Publisher 


CONSULTING ENGINEER is published monthly at St. Joseph, Michigan. Subscription one year 
$5.00 in the U.S.A. Single copy price 50 cents. Application is pending for acceptance under 
Section 34.64 P. L. & R. Copyright 1952, Industry and Power Publishing Co. 


DECEMBER 1952 









Ria i Mien) 
ae 





Assures 

Positive 

Distance 

Reading 
of 


Liquid 















HE modern design JERGUSON 
TRUSCALE GAGE gives new 
accuracy for reading of liquid levels 
in boilers, deaerating tanks, etc. 


Here is the remote reading gage 
which incorporates all of the newest 
engineering features! The Jerguson 
Truscale has exceptional sensitivity, 
with ability to register changes as 
small as 14 of 1% of range! The 
translucent dial scale is 
clearly lighted from be- 
hind, and is easy to read, 


Available with positive 
alarm system. Lights and 
horn signal too high or too 
low water level. 


Visible 
Alarm 







Available with Repeaters 
which repeat accurate level 
readings at auxiliary loca- 
tions. 


Marine Operators: Spe- 
cial installation procedure 
compensates for roll ana 


pitch of your ship. Repeater 


Write for Truscale Catalog 


Gages and Valves for the 
Observation of Liquids and Levels 


JERGUSON GAGE & VALVE COMPANY 
100 Fellsway, Somerville 45, Mass. 


Representatives in Major Citles 
Phone Listed Under JERGUSON 











In Europe: Bailey Meters & Controls, Ltd. 



































































FTAL WALLS 


for INDUSTRIAL and COMMERCIAL BUILDINGS 
ALUMINUM, STAINLESS or GALVANIZED STEEL 


Insulated Metal Walls continue to gain favor with both Architects and Owners 
throughout the country. And, the reason is obvious . . . these modern walls have 
revised previous concepts of permanent, firesafe construction. Their lower cost, in 
both material and labor, and the reduction in construction time—plus the fact that 
Insulated Metal Walls can be erected under weather conditions which would pre- 
clude masonry construction, are just a few of the advantages. Insulated Metal Walls 
also lend themselves to individual architectural expression in design—the power- 
house illustrated here is a good example. In this building, vertical panels of con- 
tinuous sash in combination with a Mahon Fluted Metal Wall produces a striking 
appearance. Mahon Insulated Metal Walls are available in the three patterns 
shown below. The Mahon “Field Constructed” Fluted or Ribbed wall can be erected 
up to sixty feet in height without horizontal joints—a feature which is particularly 
desirable in powerhouses or other buildings where high expanses of 
unbroken wall surface are common. See Sweet's Files for complete 
information and Specifications, or write for Catalog No. B-53-B. 


THE R. C€. MAHON COMPANY 


Detroit 34, Mich. @ Chicago 4, Ill. © Representatives in All Principal Cities 


Manufacturers of Insulated Metal Walls; Steel Deck for Roofs, Partitions and 
Permanent Concrete Floor Forms; Rolling Steel Doors, Grilles and 
Underwriters’ Labeled Rolling Steel Deors and Fire Shutters. 
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The Over-all "U" Factor of the various 
Types of Mahon Insulated Metal Walls 
is Equivalent to or Better than a Con- 
ventional sixteen inch Masonry Wall. 
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Look for These Articles 
in Future Issues 


Sir: ...I have been making every 
attempt to get my article on the 
economic aspects of electric power 
generation by combustion gas tur- 
bine power plants in its final form. 
This will be in your hands by De- 
cember 15 in order to make your 
next issue. 
C. J. Burke 
Gas Turbine Section 
Westinghouse Electric Corp. 
Philadelphia, Pa. 


Sir: . . . I should be pleased to pre- 
pare such an article on the subject 
of engineering aspects of fuel utili- 
zation. In this connection may I sug- 
gest that during one of your trips 
to Chicago you plan to visit our ex- 
perimental plant which is devoted 
to the development of improved 
coal utilization in power plants and 
steel mills. 
A. D. Singh 
Singh Company 
Chicago, Ill. 


Sir: ... I hope definitely to have an 

additional article, Feedwater Flow 

Regulation, ready for you next 
week. 

A. R. Mumford 

Combustion Engineering- 

Superheater, Inc. 

New York, N.Y. 


Sir: It was quite interesting to 
note that you are now publishing 
a second magazine called coNsULTING 
ENGINEER. There should be an excel- 
lent opening for such a magazine 
since there are few, if any, publica- 
tions at present that primarily di- 
rect their subjects to the fields of 
the consulting engineer. . . . I will 
be in a position to develop .. . an 
article relating to comparable oil, 
gas, and coal prices (which) would 
be interesting and valuable refer- 
ence. In establishing the tables to 
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show the data, costs of handling and 
heating value will be treated .. . 

W.S. Major 

Dravo Corp. 

Pittsburgh, Pa. 


Sir: ... there is a definite need for 
a technical magazine catering princi- 
pally to the problems of the con- 
sulting engineering profession. Your 
outline indicates a broad and inter- 
esting coverage of the field. I would 
suggest the inclusion of coverage 
of nuclear energy. Considering the 
interest that the utility industry has 


displayed toward the development 
of nuclear power and the vital con- 
cern of the large consulting firms 
in the entire nuclear program, I 
believe that a planned coverage of 
this new field should be undertaken 


by CONSULTING ENGINEER .. . 
Leo Macklin 


Ebasco Services, Inc. 
New York, N.Y. 


® WE AGREE WITH MR. MACKLIN. SEE 
“COST CONSIDERATIONS IN THE APPLI- 
CATION OF NUCLEAR ENERGY TO ELEC- 
TRIC POWER SYSTEMS” BY WALKER L. 
CISLER, PRESIDENT, DETROIT EDISON CO., 
IN THIS ISSUE. ALSO “DEVELOPMENT OF 
ATOMIC POWER IN INDUSTRY” BY ED- 
WIN J. PUTZELL, JR., SECRETARY, MON: 
SANTO CHEMICAL. CO., IN A FUTURE IS- 
SUE. IN ADDITION WE ARE DISCUSSING 
AN ARTICLE ON NUCLEAR ENERGY WITH 
MR. MACKLIN. EDITOR. 


Research for Industry 


Sir: We are extremely interested 
there is to be CONSULTING ENGINEER 


(Continued on page 10) 
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“VAC-VEYOR” 


In this system, ashes, siftings, soot and 
dust are conveyed by pipe from the ash 
pits, dust collectors, stack, etc., to an ash 
receiver and separator at the top side of a 
silo—by means of a vacuum. One man 
operates the system, keeping your plant 
cleaner with less labor. Send for Catalog. 
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HANDLING 


Coal arrives by rail, is dumped into 
hopper, raised by bucket elevator and 
discharged either into bunker for im- 
mediate use or down chute to yard 
storage. One operator controls all 
equipment. Send for Catalog. 


BEAUMONT BIRCH 


1535 RACE STREET—PHILADELPHIA 2, PENNA. 





ION ENGINEERING CO., LDT., Montreal, Que. 
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by lowe ectric Light & Power Co., Cedar Rapids, lowa 





Selling prices of electric power usuall 


Sanath Weill: 
Veecstste, jams cdiias dale 

possible dollar value out of everything 
preference for Detwolt Rote- 
Grate Stokers is based on the Roto- 
soca 
jonal fuel economy with very little 
ice over a very iong life . . . 


















District Offices in Principal Cities 


Works at Monroe, Mich. 
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REPRESENTATIVE INSTALLATIONS 
OF DETROIT STOKERS 
IN PUBLIC UTILITIES 


Central Siates Electric Company 
lowa Falls, lowa 

* Southern |!tah Power Co. 
Cedar City, Utah 
Northern States Power Company 
LaCrosse, Wisconsin 

* Northern States Power Company 
Mankato, Minn. 
Northern States Power Company 


the biggest dollar value +n Mae & las Cmpen 


Sabrooke Station: Rockford, Illinois 
Ohio Public Service Company 
Mahoningside Plant: Worren, Ohio 

* Northern States Power Company 
Sioux Falls, South Dakota 
Montana-Dakota Utilities Company 
Kincaid, North Dakota 
lowa Public Service Company 
Eagle Grove, lowa ; 

* Sioux City Gas & Electric Company 
Sioux City, lowa 
lowa Public Service Company 
Storm Lake, lowa 
Central lowa Power Cooperative 
Cedar Rapids, lowa 

* Indianapolis Power & Light Company 
Indianapolis, Indiana 
hontana-Dakota Utilities Company 
Beulah, North Dakota 
Corn Belt Power Cooperative 
Humboldt, lowa | 

* Black Hills Power & Light Company 
Osage, Wyoming 
Minneapolis Street Railway Company 
Minneapolis, Minnesota 
Mississippi Valley Public Service 
Winona, Minnesota 

* lowa Public Service Company 


Waterloo, lowa 
Montana-Dakota Utilities 
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FIT INTO THE 
MODERNIZED 
STEAM PICTURE 








Twin Bigelow “’B’s’” Give The Bristol Company Modern Steam 
Production and Increased Capacity In Same Space As Two 39- 
Year Old Horizontal Return Tubular Boilers. 


TYPE B FEATURES 

In many cases, sizes up to 25,000 lbs. per hr. shipped com- 

pletely assembled. Minimizes field work. 

Water tubes along furnace side walls reduce maintenance. 

High efficiency with any firing method. 

Low head room. Maximum capacity for floor area. 

Will take high overloads without disturbing water level. 
Write for free catalog on Type B or on any of the units listed below. 


BOILERS BY BIGELOW—wWater Tube ‘Boilers—Bent Tube Types © Two-Pass Boilers 
Horizontal Return Tubular Boilers @ Scotch Type Boilers @ Electric Steam Generators 


BI-9 


THE BIGELOW COMPANY °* NEW HAVEN 3, CONN. 
Established 1833 

BIGELOW REPRESENTATIVES: Boston @ New York @ Chicago 

‘@) Philadelphia @ Syracuse @ Detroit @ Atlanta @ Milwaukee 

New Orleans @ Oklahoma City @ Petersburg, Va. ® Washington, D. ¢ 


San Francisco @ Los Angeles @ Seattle @ Knoxville 


—certainly a title to attract a wide 
professional following. We appre- 
ciate the value of occasional edito- 
rial mentions in such a publication, 
both because your readership will 
represent an important technical 
quarter we would like to have be- 
come more familiar with the work 
of the institute and because we de- 
pend upon consulting engineer as- 
sistance for many of our projects. 
. in the attached envelope you 
will find a sampling of our publica- 
tions. They include our Annual Re- 
port, recent issues of our bimonthly 
bulletin, “Research For Industry”, 
and a typical activity brochure on 
Industrial Air Pollution. 
William C. Estler 
Stanford Research Institute 
Stanford, Calif. 


® I AM SURE MR. ESTLER WILL WEL- 
COME INQUIRIES REGARDING THE PUB- 
LICATIONS OF THE INSTITUTE. EDITOR. 


Minnesota Association of 
Consulting Engineers 
Has This to Say 


Sir: ... relative to your proposed 
new magazine, CONSULTING ENGINEER 
our Executive Board offered 
the following reactions: 
1. MACE will assist you in any way 
possible in your circulation efforts. 
2. We welcome a magazine with 
such a title. 
3. It is our hope that the editorial 
thinking of your staff will be in 
line with the true professional 
thinking of the consulting engineer. 
Perhaps you are wondering why we 
of MACE have such an interest. The 
following should give you the idea: 
1. MACE represents practically all 
of the consulting engineering firms 
in Minnesota. 
2. Our membership is limited to 
engineers registered in the State of 
Minnesota and those who are in 
consulting engineering or in private 
practice. 
3. Some of our purposes are: 
To promote the welfare of the 
consulting engineer. 
To improve the services of our 
offices to the advantage of the 
public. 
To improve the relationships be- 
tween the consulting engineer 
and the contractor, architect, 
manufacturer and the public. 
To inform the public on the ad- 
vantages of the consulting ‘engi- 
neer’s services. 
To “weld” all true consulting 
engineers into one group with the 
thought of establishing Engineer- 
ing as a Profession. 
(Continued on page 12) 
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Workmen on the Toronto Subway 
are shown running Everdur EMT Conduit. 
EMT saves labor compar=d with 
threaded rigid conduit. ‘ittings 

of Everdur were furnished by 
Thomas and Betts, Limited, 
Montreal, Quebec, 

and accessory equipment by 
Taylor Electric Mfg. Co., 
Limited, London, Ont. 











EVERDUR for Canada’s first subway 


Toronto Transportation Commission uses 158,750 feet of rustproof Everdur 
EMT Electrical Conduit (%2” to 2”) for all circuits except train power lines. 


When you design a structure for a service life of from 50 
to 100 years, you specify material carefully. Cost is 
always a factor — but cost considered in terms of long- 
range maintenance. 

Toronto’s rapid transit builders knew some of the 
troubles that developed in existing systems. They knew 
rusting could be troublesome .. . especially with electri- 
cal conduit. They considered many types... balanced 
price with durability. Their final decision was gratify- 
ing to us—Everdur* EMT for all buried conduit! Water- 
tightness was not required. Inside the tubes, condensa- 
tion would occur, whether from leakage or not. The 
entire system is self-draining at various outlet boxes. 

Not only is all conduit Everdur-1015, but all com- 
pression fittings are made of Everdur-1000 ingot. All 
junctions, panels and boxes are Everdur-1010 sheet. 


Corrosion resistance is, of course, Everdur’s strong 
point. But it is also nonmagnetic. And its smooth bore 
means easy and rapid wire pulling. 

We know Toronto will never regret its choice. Since 
its first use twenty years ago, Everdur has consistently 
outlasted ordinary conduit. It is available in two wall 
thicknesses: rigid conduit (RC) in nominal sizes from 
4,” to 4” inclusive; and the thinner-walled electrical 
metallic tubing (EMT) used in the Toronto Subway, 
in nominal sizes from 34” to 2”, 

For detailed information, uses, and specifications 
why not add to your reference shelf now by writing 
for Anaconda Publication E-12 on Everdur Conduit? 
The American Brass Company, Waterbury 20, Con- 
necticut. In Canada: Anaconda American Brass Lim- 
ited, New Toronto, Ontario. se164a 


EVERDUR - ANACONDA 


*Reg. U. S. Pat. Off. 
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ALKOR 5E is the nearest approach to a universal corrosion-proof 
cement. It is the particular combination of resistance character- 
istics that makes ALKOR 5E of tremendous importance to industry. 

It is important for you to know that your acid-proof construction 
will not be destroyed by alkalies or solvents in any phase of your 
processing oferations. It is also important that you can standardize 
on this one cement, proven to withstand and protect against such 
a wide range of corrosives. 


ALKOR 5E is a resin cement based on a furfuryl alcohol 
polymer. In addition to resistance to all non-oxidizing 
acids, alkalies and solvents; it also resists fats, oils and 
greases; and may be used for tempera- 
tures up to 380° F. ALKOR 5E has no 
offensive odor; and its low shrinkage as- 
sures joints that are level with the brick 





or tile surface. 


NEW Bulletin 5-2... send for your copy today. 
RECOMMENDATIONS for your specific requirements may be 
obtained without obligation from the ATLAS Technical Service. 
In recommending both materials and constructions for handling 
corrosives, there is no substitute for 60 years of ATLAS experience. 


ATLAS PRODUCTS STAND 
--- between your process 
and corrosion 


MERTZTOWN 
INERAL vee stars 
NY 


PRODUCTS COMPA HOUSTON 1, TEXAS 





Corrosion-proof: Cements—Coatings—Vessel Linings 











MACE has been in existence for 
about five years now and we have 
made considerable progress. Many 
associations, trade and otherwise, 
and the American Institute of Ar- 
chitects are responding to our ef- 
forts as our program expands. 
From the foregoing you can no 
doubt see why we would be inter- 
ested in a “Consulting Engineer” 
magazine. Our association is the 
only state association of its kind, to 
our knowledge, in the country. We 
are interested in establishing con- 
sulting engineers on a high and 
ethical and professional basis. We 
are hopeful that consulting engi- 
neers in other states will form simi- 
lar organizations .. . 


® WE APPRECIATE THIS INTEREST IN 
CONSULTING ENGINEER AND IN OUR 
EDITORIAL OBJECTIVES. MAY WE ALSO 
EXPRESS OUR INTEREST IN THE PROMO- 
TION OF ANY ORGANIZATION THAT WILL 
SERVE THE CONSULTING ENGINEERING 
PROFESSION. ARE OTHER STATE ASSOCIA- 
TIONS IN EXISTENCE? IS AFFILIATION 
WITH THE AMERICAN INSTITUTE OF 
CONSULTING ENGINEERS DESIRABLE? 
EDITOR. 


For these and Hundreds of other 
Letters our Circulation Manager 
Says “Thank You” 


Sir: With reference to... CONSULT- 
ING ENGINEER, we are pleased to ad- 
vise that we are extremely anxious 
to be included on your mailing list. 
A. J. Davidson 

The Stearns-Roger Mfg. Co. 

Salt Lake City, Utah 


Sir: In line with our conversation 
and for your use, attached is a list 
of our key executives and engineers 
who would be interested in receiv- 
ing a copy of CONSULTING ENGINEER... 
Eric Miller 

The H. K. Ferguson Co. 
Cleveland, Ohio 


Sir: ... the above are key men in 
our New Orleans office. I believe 
that the magazine would be read 
more fully if the copies were sent 
to their homes, as the men would 
have more time to read them there. 
Please, therefore, send the maga- 
zine to the following addresses .. . 
Walter B. Moses 

Leo S. Weil & Walter B. Moses 
New Orleans, La. 


® IT IS OUR WISH TO SEND CONSULT- 
ING ENGINEER TO YOUR HOME ADDRESS 
WHEN SO REQUESTED. IF YOU WOULD 
LIKE THIS CHANGE MADE, PLEASE SEND 
YOUR REQUEST TO THE ATTENTION OF 
THE CIRCULATION MANAGER. 
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Economy Pumps, Inc. and C. H. Wheeler Manufactur- 
ing Company have consolidated engineering and man- 
ufacturing facilities in C. H. Wheeler’s plant at Phila- 
delphia. Facilities are now being expanded through new 
construction and the installation of additional modern 


machine tool equipment. 


PUMPS... Economy has for many years been among 
the leaders in the engineering and manufacture of 


re er 


centrifugal, axial and mixed flow pumps. Today, the 
Wheeler-Economy line is one of the most modern and 


complete in the pumping industry. 


CONDENSERS & POWER PLANT EQUIPMENT 
... The C. H. Wheeler Manufacturing Company has 
contributed many of the outstanding developments in 
the field of condensing apparatus and vacuum problems. 
Nearly a decade ago, C. H. Wheeler adopted Economy 





mixed flow pumps for use with their condensers. 


PROCESS EQUIPMENT... C. H. Wheeler is also 
internationally known for Cooling Towers, Steam Jet 
vacuum apparatus and Fine Particle Reduction Mills, 
vital links in modern chemical and food processes. 
Wheeler-Economy Pumps will round out the company’s 
services in these fields. ' 


MARINE GEAR ...C. H. Wheeler’s Marine Gear, 
Condenser and Deck Machinery department will be 
augmented by Wheeler-Economy Pumps designed for [/ 


marine application. 





42-inch Wheeler-Economy Vertical Mixed Flow 
Pump for condenser circulation. 32,500 G.P.M. 
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ECONOMY PUMPS, Inc. 
SERVE YOU BETTER... 


















































C. H. Wheeler Standard Type, 
Dual Bank Surface Condenser 


WHEELER-ECONOMY PUMPS 


. .. a mew name combining old names that have been known and respected for generations. All the 
experience and metal working techniques this consolidation brings together are of great importance 
to you — our customer. Wheeler-Economy Pumps will fill your every requirement regardless of size 
or problem involved. Write to Philadelphia or to the nearest Economy or Wheeler representative listed 
in the phone directories of principal cities. 

113-R 


-ECONOMY PUMPS 


ECONOMY PUMPS, INC. - DIVISION OF C. H. WHEELER MANUFACTURING CO. 
19TH AND LEHIGH, PHILADELPHIA 32, PA. 
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H. C. Bauman 


Fig. |—A unit substation at Jefferson Chemical Company, Port Neches, 
Texas includes 2300 v rack type capacitors in structure in foreground 
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Economies of 
Power Factor Correction 


H. CARL BAUMAN, P.E., Assistant Head 
General Engineering Section, CED 
American Cyanamid Company 


H ow and to what extent plant power factor 
should be improved for the best economic returns 
is a problem still subject to time consuming meth- 
ods. Many charts and nomograph aids have been de- 
veloped to enable rapid calculation of power factor 
technical problems. However, there are few short 
cuts in solving the economic problems. 

What factors determine the need for correction? 
This is the logical starting point in any economic de- 
termination. In most cases, requirements of the local 
utility furnishing power indicate the need for a cer- 
tain amount. Generally, a rate penalty prompts it. 
Other factors are independent of power company re- 
quirements. 

A chronic low voltage condition can be improved 
by adding capacitors to the circuit having low power 
factor, thereby increasing the latter also. Further- 
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more, improved power factor for any given amount 
of power results in a reduction in current, decreas- 
ing circuit 1°R or power losses. 

Reduction of load current due to improved power 
factor releases switch and feeder capacity. If the 
plant generates its own power, an increase in gen- 
erator kilowatt output can be realized. In transform- 
ers, power factor improvement releases capacity for 
other loads. This release of capacity in feeders, gen- 
erators, transformers, and switches will be referred 
to hereafter as “release of system capacity.” 

Having discussed the factors needed for correc- 
tion, methods of improving power factor should be 
examined. Briefly, these are: 

1. Use motors rated close to machine bhp require- 

ments. 

2. Switch idling motors off system. 
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3. Design multiple machines to avoid lightly 
loaded motors. 

4. Use synchronous motors where economically 
justified. 

5. Connect capacitors to (a) a main incoming bus, 
(b) individual feeders, (c) a point of load as at 
motor terminals. 

6. Use synchronous condensers. 

It is not always possible to specify motors exactly 
sized for the load. Except for some continuous proc- 
esses, most motor loads fluctuate over rather wide 
ranges, causing an adverse effect on power factor. 
Often convenience or economy likewise forbids 
switching idling motors off the system, particularly 
when the idling period is part of an operating cycle, 
as in certain machine tools. 

It is possible, however, during the design stage 
of a new project, to carefully consider the proposed 
load, and to size equipment in multiple units. Con- 
































Of all methods of improving power factors, most 
feasible are use of synchronous motors for drivers 
and installation of capacitors. To best illustrate what 
has been discussed, assume a typical electrical dis- 
tribution system as in Fig. 2. 

This plant is served at 13,800 v. Two 13.8 kv 
feeders originate at the plant high voltage bus and 
serve transformer stations totalling 4500 kva. One 
bank of transformers provides 4160 v to supply a 
1000 hp motor, an electric furnace and street and 
fence lighting. The remaining transformers step 
voltage down to 440 v for general plant use. 

To illustrate all principles involved in the eco- 
nomics of power factor correction, assume the plant 
load exactly equals the installed transformer capac- 
ity; namely, 4500 kva at 0.76 pf measured at the 
main incoming breaker. Also for the time being, 
assume that the local utility rate does not have a 
power factor penalty clause. 





Original plant load Corrected plant load 


4500kva 3600kva 

0.76 pf 0.95 pf 

3420kw 3420kw : 
2925kvar 1/20 kvar he 


1805 corrective kvar| 

















Fig. 2—This typical plant distribution system is used to illustrate the various aspects of 
correcting power factor both by capacitors and by use of synchronous motors. Point of 
application affects system capacity released and voltage drop, but not utility rates 


sequently, during off-peak periods or low load 
cycles, several units can be taken out of service. 
The rest can be loaded to near full capacity. 

Synchronous condensers are expensive machines 
and require comparatively more maintenance and 
attention than other types of rotating electrical equip- 
ment. They can seldom be justified economically 
as a means for correcting power factor. 
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A plant expansion program is planned requiring 
an increase in plant load of 900 kva at 0.95 pf. With 
the plant’s transformer and distribution system load- 
ed to capacity, the load increase can be obtained by 
either of two methods: 

1. Add 900 kva in transformers and feeders. 

2. Release 900 kva capacity with capacitors. 

To add 900 kva to the present plant load, the pres- 
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ent system kva would have to be decreased to 
3600. The plant load is 3420 kw (kva x pf), and 
power factor would have to be corrected to 95 per 
cent (3420/3600—.95), to permit such an addition. 
Fig. 4 shows amount of power system capacity 
released by a given amount of capacitive kvars. 
The capacitor kvar required to correct from 0.76 
to 0.95 pf is obtained from the following equation. 
kva, x Sin A — kva, x Sin B=Ckvar (1) 
Where 
kva, = plant kva at 0.76 pf 
A = power factor angle at 0.76 pf 


kva, — plant kva after correction 
B = power factor angle at 0.95 pf 
Then 


4500 x 0.6494 — 3600 x 0.3256 — 1805 kva 
This represents 40 per cent of the original kva. 
From Fig. 4, the system capacity released which cor- 


Fig. 4—How much additional 
load can be placed on a dis- 
tribution system by correcting 
power factor can be deter- 
mined by these curves. Also, 
to find capacitor kvar needed 
to correct to a given power 
factor, drop a line from the 
intersection of the original, or 
present, solid curve and the 
final, or desired, dotted curve 
and read kvar to be added. 
A horizontal line at the same 
intersection shows per cent of 
system capacity released. 
This graph was provided by 
General Electric Company 
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Capocitor kvar added, per cent of initial kva 


Fig. 3—The cover of the 2300 v 
capacitor installation shown in 
Fig. | is removed here to allow 
fuses, buses and construction 
details to be seen. Although it 
is often the least expensive of 
installations when capacitors 
only are considered, it does not 
release any extra system capac- 
ity on the 440 v utilization supply 
and circuits. When the plant sys- 
tem load is near capacity, point 
of correction on distribution 
circuits should be well analyzed 
for release of system capacity 





responds to 40 per cent and 0.76 load pf is approxi- 
mately 20 per cent. 

Next, evaluate the released capacity by comparing 
the cost of providing it as transformers, switches 
and feeders against furnishing and installing 1805 
kvar of capacitors. 

Table 1 groups installed costs for unit substations 
with 13,800 v primaries and both 4160 and 480 v 
secondaries. The unit substations include primary 
switches and fuses. Also shown are installed costs 
for feeders at 13,800 v, 4160 v and 480 v for both 
underground and overhead construction at each 
voltage. Installed prices are based on one breaker 
per 500 ft of feeder cable indicated in the table. 

From the table, price of substation and feeder 
capacity required for a new installation is readily 
selected. Assuming the new load is all 440 v, the 
cost of a 1000 kva substation with a 480 v secondary 
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installed is $13,600. Two 480 v, 500 Mcm feeder cir- 
cuits are required at an installed cost for both of 
$13,000. Total cost is $26,600.00, representing ap- 
proximately 20 per cent of released capacity. 

The alternative to purchasing additional system 
capacity is 1805 kvar of capacitors installed at vari- 
ous points in the distribution system. Fig. 2 shows 
four locations for capacitors. 


A—grouped on the 13.8 kv plant bus. 
B—grouped on the 440 v buses. 
C—connected to individual motors. 
D—grouped on 208 v buses. 


Another point of application is the 4160 v bus. 

The cost of installing capacitors at various volt- 
ages has been plotted in Figs. 5 and 6 for small and 
large rack type capacitors, respectively. From these 
curves, the following table can be compiled for com- 
parison. In each case, cost will be for a total of 1800 
kvar, which represents the combination of commerci- 
ally available sizes closest to the 1805 kvar required. 


GROUPED OUTDOOR RACK TYPE CAPACITORS 
13.8 kv 4160v 440 v0 230 v 
$21,400 

$23,000 


Units 

1—1800 kvar 
2— 900 kvar 
3— 540 kvar 
1— 180 kvar 
4— 450 kvar $38,800 


Except for the 230 v installation, all other grouped 
capacitor costs are less than $26,600, the expense of 
adding the required extra system capacity. Cost of 
capacitors at the 230 v rating is disproportionately 
high because minimum practical insulation thickness 
is enough for higher voltages. For any given kvar 
rating, capacity varies inversely as the square of the 
voltage applied across the capacitor. 
10° KVAR (2) 

27f V? 

At higher voltages, however, cost of insulation 
tends to offset the lower capacity rating required for 
a given kvar rating. 

Fig. 6 shows that 460 and 575 v capacitors have 
the lowest installed costs per kvar. For small rack 
type capacitors, costs for 2400/4160 v units are some- 
what less than for 460 and 575 v installations. 

Installed cost of 13.8 kv capacitors includes that 
of automatic control and relaying for removing ca- 
pacitors in groups as plant load is dropped, prevent- 
ing excessive rise in voltage. The price for 440v 
units does not include this automatic control. 

For other than cost considerations, the 13.8 kv 
installation is not a good soluiion. No system ca- 
pacity on the load side of the point of connection is 
released to enable further load addition. 

To release transformer and feeder capacity, ca- 
pacitors must be connected as close to the load as 
possible. In our example, locations such as B on 
440 v load center buses would result in the desired 
system capacity release. The installation, properly 


$19,650 
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distributed on the 440 v plant buses, provides addi- 
tional capacity for $21.80 per kva as against a unit 
cost of $26.60 per kva of additional transformer and 
feeder capacity. 

Grouping large banks of capacitors at one point of 
the system, as on the 13.8 kv or 4.16 kv buses, has 
the added disadvantage of voltage rise when load is _ 
dropped or considerably reduced. Voltage rise under 
those conditions may be calculated by using the 
standard impedance drop equation for all circuit 
elements up to the point of correction. 

V.=IRCos¢@+I1XSin¢ (3) 
Where 
V. = voltage drop 
R = effective resistance 
X = effective impedance 
An approximate simplified method which gives 


good results is the per cent method expressed by 
Ckvar x X (4) 
Vv. = — 
kva 


Where 
X= per cent reactance of equipment 
kva — rating of equipment 
V. = per cent voltage rise due to capacitors 

Assuming the capacitors are connected in the 13.8 

kv bus, which in turn is supplied by the power 
company’s 5800 kva transformer, the voltage rise 
at this bus due to capacitors would be 
1800 x 5.5 
© ~~ 5000 


Connecting capacitors to the terminals of motors 


= 1.98% 
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has several advantages. This method corrects power 
factor at the point of load and insures full release of 
capacity of transformers, feeders and switches. It 
also limits voltage rise at no loads since capacitors 
are switched off the circuit along with the motor to 
which they are connected. 

To prevent large voltage rises at motor terminals 
by self excitation after the motor is switched off, 
the capacitors as a rule should never be larger than 
the kvar required to correct the individual motor’s 
power factor from full load value to 1.0 pf. In 
motor applications having long decelerating times, 
voltage rises can exceed safe values if the capacitors 
are so large that their current exceeds the motor 
no load magnetizing current (nearly constant for all 
loads). The value used can be the motor’s no load 
current as measured by ammeter. 

Manufacturers will supply motor power factor 
data from which the individual capacitor kvar re- 
quired can be computed. This is done by finding full 
load kva by use of the formula 

hp x 746 (5) 
~~ eff x pf 
and finding kvar required to correct to 1.0 pf by 
using equation (1). Most motor manufacturers can 
also supply tables showing recommended values of 
capacitors for motors through a range of horse- 
powers, speeds, and torque characteristics. 

Generally, standard rack type capacitors, starting 
at 15 kvar, cannot be applied to motors less than 
approximately 50 hp. 

Installed cost for correcting power factor by this 
method will therefore be higher than for rack type 
capacitors grouped at 440 v. However, because of 
the flexibility, ease of installation, and elimination of 
switching, use of individual motor connected ca- 
pacitors is increasing as a means for power factor 
correction at point of load. 

The synchronous motor as a device for correcting 
power factor can be justified only for very large 
and low speed machines. 

Fig. 7 shows the installed cost difference between 
open 40 C squirrel cage induction motors and open 


kva 
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large rack type capacitors 


Dots indicate sizes 
2. available at indicated 
voltage 


18 


/ 230 v, outdoor 
—|_+230 v, indoor 


14 


12 


2400/41/60 v, outdoor 
/0 2400/4160, indoor 


Yeo and $75 v, outdoor 
460 and $75 v, indoor 


Installed cost, thousands of do//ars 
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0 18030 600 900 1/200 /800 2700 
Large rack type capacitors, kvar 


40 C, 1.0 pf synchronous motors based on current 
prices. At the bottom of the same ‘chart, the kvar 
available for pf correction from various sizes of 1.0 
pf synchronous motors and at loads varying from no 
load to full load has been plotted. 

Fig. 8 shows the same information except that 0.8 
pf synchronous motors are compared with equiv- 
alent induction motors. 

On both charts, installed cost per kvar of correc- 
tion can be obtained for any motor size. Divide 
installed cost difference between synchronous and 
induction motors by the correction kvar available 
in the synchronous motor for the load at which the 
motor is expected to run. 

Fig. 2 shows one 1000 hp motor designated as an 
induction machine. Assume this machine is rated 
1200 rpm and has a full load power factor of 0.90. 
Assuming an efficiency of 90 per cent, this machine 
draws approximately 400 inductive kvar from the 
line. If the decision to use an 0.8 synchronous motor 
instead of the induction motor were made, the net 
corrective kvar effective on the system would be 
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600 leading kvar (from Fig. 8) plus the 400 inductive 
kvar saved, or 1000 kvar. 

From Fig. 8 it is seen that the 0.8 pf machine cost 
$3500 more to install than the induction motor. This 
represents a cost of $3.50 per corrective kva; con- 
siderably less than the expense of capacitors for 
equivalent effect. 

Since this motor is operated at 4160 v on a separate 
transformer, power factor correction by this method 
will not release system capacity where the new load 
is needed; namely, on the 440 v system buses. In this 
case, to the extra cost of the synchronous motor, 
cost of furnishing additional system capacity would 
have to be added. 

Figs. 7 and 8 indicate clearly that low horsepower, 
high speed, synchronous motors cannot be justified 
on a power factor correction basis. 

These charts used in conjunction with Figs. 5 
and 6 will help indicate at what speed and horse- 
power ratings it becomes economical to consider 
synchronous motors, where applicable as drives, over 
capacitors. 

Earlier for illustrative purposes, effect of power 
factor correction on electric rates was not consider- 
ed. Since utility requirements account for most 
corrective measures, this factor will now be ex- 
amined. 

All electric rates are made up of two components, 
demand and energy. 


correction 


LO pf synchronous’ motor 
Avar avai 


Fig. 7—Difference in cost of 1.0 pf synchronous 
motors above or below that of the squirrel cage 
type is shown by the upper family of curves. The 
prices are for 40 C ratings in 1952. Used with 
lower curves, correction costs can be estimated 
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The demand component reflects such fixed charges 
as amortization of equipment, interest on investment, 
taxes and insurance. 

The energy component reflects operating costs, in- 
cluding fuel, operating labor and expense. 

Power factor clauses are introduced in the rate 
as a penalty against the consumers who use propor- 
tionately more of the generating and distributing 
capacity per kilowatt of load than is available in the 
equipment. If the utility has provided generating 
equipment at 0.8 pf, use of facilities by a customer 
at less than this value should be penalized for an 
equitable amount. 

Fig. 9 is a plot of a typical two component rate in 
which there is an inherent clause penalizing for 
power factor less than unity. On this chart is plotted 
a family of curves each representing a given number 
of hours of use of the maximum kva demand. Each 
curve is plotted as cents per kva-hr against maxi- 
mum kva demand. The chart is plotted to read costs 
at 1.0 pf. To find the unit power cost at some other 
value of power factor, a scale provided to the right 
of chart enables quick conversion. 

Such a chart can be used as a quick means to 
evaluate the economics of correcting power factor 
as a means of earning a better electric power rate. 

In the plant shown diagrammed in Fig. 2, assume 
that the monthly maximum demand is 5000 kva and 
the average kva demand is 3420 kw at 0.76 pf. The 
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Fig. 8—Information here is same as in Fig. 7 but 
is based on 0.8 pf synchronous motor. In addi- 
tion to leading kvar gained from the synchro- 
nous motor, lagging kvar of the induction motor 
will be avoided in electrical system circuits 
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monthly consumption is 2,500,000 kwhr, and based 
on a 730 hr month, hours use of maximum demand is 


4500 x 730 
5000 


Interpolating from Fig. 9 for 5000 kva demand, the 
unit cost per kilowatt-hour is 1.14¢ at 1.0 pf. 

The proper curve to obtain unit cost at 0.76 pf is 
found by multiplying 657 x 0.76, or 500. At 500 hr 
of use and 5000 kva demand the unit is read as 1.295¢. 
At 0.90 pf, unit cost is 1.18¢. The savings due to 
correcting power factor from 0.76 to 0.90 is therefore 
0.115¢ per kwhr, or $2875 per month. 

The most economical way to provide power factor 
correction alone without regard to release of system 
capacity would be to use a 1000 hp, 0.8 pf synchro- 


= 657 hr 


Moximum demand, kva 


nous motor instead of the induction motor and make 
up the additional requirements with capacitors. 


Installed 
Kvar Equipment cost 
1000 Synchronous motor $3,500 


360 440 v rack type capacitor 4,000 
360 440 v rack type capacitor 4,000 
90 440 v rack type capacitor 1,100 
1800 $12,600 

Neglecting power loss in the capacitors (approxi- 
mately 0.2 per cent) and credit due to savings in 
line power losses, the investment of $12,600 will be 
returned in about 414 months before taxes. 

Under the present tax structure, the investment 
will be returned in 9 months to 2 yr, depending on 
net earnings of the company. 

Under the rate considered, the investment for 
power factor correction would still be a good eco- 
nomic choice if the 440 v rack type capacitors had 
been installed at a cost of $19,650. This alternative 
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would, in addition to the improvement in rate, re- 
lease approximately 20 per cent of system capacity. 

Fig. 10 is a plot of a rate in which there is no 
stated penalty for poor power factor. But a clause 
in this rate establishes a penalty of $0.25 per kva 
in excess of 115 per cent of the customer’s highest 
daily maximum kilowatt demand — equivalent to 
penalty below 0.87 pf. The actual power factor 
penalty on this rate is therefore 560 x $0.25 or $140 
per month (4500 — 3420 x 1.15 — 560). The in- 
stallation of the synchronous motor would provide 
more than enough kvar to correct to 0.85 pf. The in- 
vested cost at $3,500 can be returned in about 2 yr 
before taxes. If capacitors were used the invested 
cost would be $10,000 and the capital would be re- 
turned in a minimum of 6 yr before taxes. 


Fig. 9—This rate chart, based 
on kva-hr, has an inherent pen- 
alty for low power factor. The 
curves, however, are plotted 
for 1.0 pf. For other values, 
multiply hours per month by 
power factor and select proper 
curve from the answer obtained 


: 


Multiply by power factor for hours use of kw demand 


ese s 
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Fig. 10—The chart below has 
no apparent penalty for poor 
power factor, but a clause, as 

a explained in text, establishes 
12,000 a kva demand charge equal to 
penalizing loads below 0.87 pf 
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Cost Considerations 


in the Application of Nuclear Energy 
to Electric 
Power Systems 


WALKER L. CISLER 
President 
The Detroit Edison Co. 





E lectric power can be and has already been gen- 
erated by atomic means. The main problem now is to 
do it economically and, as a part of the program to 
study ways of accomplishing this objective, four 
teams of industrial organizations have been making 
economic and engineering studies of nuclear power 


Walker Lee Cisler graduated from Cornell 
University in 1922 with a degree in Mechani- 
cal Engineering and was employed by Public 
Service Electric and Gas Co., New Jersey, as 
a cadet engineer. He gradually advanced to 


general superintendent of generation, and as- production for the past year. Organizations partic- 
sistant general manager of the electric depart- ipating in this program are Commonwealth Edison 
ment. In Oct. 1943, Walker Cisler was em- Co. of Chicago and Public Service Co. of Northern 
ployed by The Detroit Edison Co. and granted Illinois; Monsanto Chemical Co. of St. Louis and 
a leave of absence to serve in the U.S. Army Union Electric Co. of Missouri; Pacific Gas and Elec- 
at the request of the Secretary of War. As a tric Co. and Bechtel Corp. of San Francisco; and The 
colonel on General Eisenhower's staff, he Detroit Edison Co. and The Dow Chemical Co. A 


served in the European theatre as Chief of the 
Public Utilities Section of the Office of Mili- 
tary Government for Germany in charge of 
re-establishing the operation of electric power, 


fifth team, Foster Wheeler Corp. and Pioneer Service 
and Engineering Co. of Chicago, was recently author- 
ized to conduct similar investigations. 


gas and water service for military and essential Private capital has a great interest in these de- 
civilian requirements. In Nov. 1945, Walker velopment studies because nuclear power utilization 
Cisler returned from overseas and assumed has tremendous possibilities. Nuclear power de- 
the duties of the chief engineer of power plants velopment is a challenge, not only from the stand- 
of The Detroit Edison Co. He was elected point of our free enterprise system, but also from the 
executive vice president in Jan. 1948, a direc- standpoint of what it may enable private industry to 
tor in Sept. 1951, and on Dec. I, 1951 became do in furthering the security of this country. The 


president and general manager. He is a con- 
sultant to many branches of the United States 
government on matters of power development, 
particularly European development, in which 


security aspect is extremely important. 
Opportunities for private capital to develop uses 
of atomic energy may be considered under two main 





field he bears an international reputation. parts: (a) utilization of atomic fission as a source of | 
Generating capacity Generaticn Fuel 
Millions of kilowatts Billions of kilowatthours Millions Millions __ Trillions Coal equivalent 
Thermal Hydro Total Thermal Hydro Total of tons of bbls ofcuft Million tons 

1931 24.6 9.1 33.7 58.4 29.0 87.4 36.1 7.9 138.4 43.9 

1951 56.9 18.9 75.8 271.0 99.7 370.7 105.7 63.5 763.1 159.0 

1955 88.0 23.3 111.3 410.0 120.0 530.0 152.0 222.0 

1960 117.0 27.0 144.0 550.0 137.0 587.0 202.0 278.0 

1965 144.0 31.0 175.0 690.0 154.0 844.0 251.0 334.0 

1970 171.0 34.0 205.0 830.0 170.0 1000.0 300.0 390.0 


Note—1931 EEI statistical bulletin 
1951 and 1955 Generation from EEl eleventh semi-annual electric power survey. Generating capacity and coal estimated. 


1960, 1965 and 1970 Estimated. Based on statement of Chester Lang, Vice President, General Electric Co., that power consumption will 
exceed one trillion kilowatthours in 1970 


Coal equivalent for 1970 averages 0.94 lb per kwhr 


Fig. |—Fuel consumption for electric power generation. U. S. electric power systems 
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ST. CLAIR THERMAL POWER PLANT 
Four units-total capability 625,000 kw 


Fig. 2—Cross section of thermal-electric 
power plant. Colored area might be 
replaced by nuclear heat power reactor 





Steam generation 


Total cost ........... dois sic ctr akcanijrai I $48,293,000......... 
Cost per kw capability ....................... $77.00 ........ 
Per cent of total plant ........................ Serer 
Per cent of total company investment ........... WP weiisaen 
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Electric generation Total plant 
Masa edeaaeeod $50,407,000 ........................ $98,700,000 
Sebeneh eee we ee4 GPEM ne cccccisrecsseccereee SR 
eT ee eee 51 icine esate h poh etonae aan 100 
A eT er Be ii biccaweeedneairnccmensan 35* 


*These percentages represent the sum of the investments in steam generation facilities, electric generation facilities and power plants respec- 
tively, in the four power plants of The Detroit Edison Company, as of June 30, 1951. The new St. Clair Plant is not included. 





heat energy, and (b) sale of products which result 
from nuclear fission. 

Although there have been many helpful develop- 
ments in the field of medical, agricultural, and other 
research, atomic energy will not assume its proper 
place in industry until utilization of the heat of nu- 
clear fission becomes practical. At the present time, 
one type of nuclear reactor produces heat which it is 
hoped can be turned into the production of electric 
power and also put to other uses in industry. For 
example, installations at Hanford, and the one under 
construction on the Savannah River in South Caro- 
lina are installations which produce heat energy as 
a part of the process. Another type of equipment 
which produces fissionable materials, for example, 
the installations at Oak Ridge, consumes great quan- 
tities of electric power and therefore great quanti- 
ties of heat energy and fuel. The plants under con- 
struction at Paducah and the additional plants which 
now figure in the request for Congressional appro- 
priations also are of this kind, 

Private capital in all probability would not be in- 
terested in plants which consume great quantities of 
electric power except possibly as operators of AEC- 
owned facilities. They would be interested in plants 
producing heat that would be useful in the produc- 
tion of electric power. It is important, therefore, that 
these various considerations be brought into focus 
when discussing the investment of private capital 
in the development of atomic energy. 

What is the specific interest of electric power sys- 
tems in nuclear power? Fundamentally, of course, 
electric power systems have the responsibility of 
furnishing the best possible power service at the 
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lowest practical cost to their customers. Those re- 
sponsible for the management of the country’s power 
systems fully recognize that atomic energy may 
bring substantial advancement in power supply. 

Perhaps the interest of electric power systems can 
be explained more clearly by discussing the joint 
project of The Dow Chemical Company and The 
Detroit Edison Company for studying the feasibility 
of utilizing the heat from nuclear fission. It is inter- 
esting to note that both of these companies are large 
users of fuel. Detroit Edison, for example, in 1951 
purchased some 4.5 million tons of coal at a cost of 
more than $35 million. The Dow Chemical Company 
purchased some 800,000 tons during that year for 
operations at Midland, Michigan. 

Before discussing details of the Dow-Edison proj- 
ect and bringing into focus some of the financial 
aspects with which an electric power system is con- 
cerned when it looks at atomic energy, Fig. 1 should 
be examined. This chart shows total fuel require- 
ments of electric power systems of the United States. 
Up to the present, these systems have been depend- 
ent upon the use of conventional gaseous, liquid and 
solid fuels for thermal generation. During 1931, the 
equivalent of almost 44 million tons of coal was used 
for power generation. At that time the total generat- 
ing capability of the interconnected systems of the 
country was about 33.7 million kilowatts. 

By 1951 capability had been increased to 75.8 mil- 
lion kilowatts and the amount of fuel required for 
power generation amounted to the equivalent of 15° 
million tons of coal. This included 105.7 million tons 
of solid fuels, about 63.5 million barrels of oil and 
approximately 763.1 trillion cubic feet of gas. 
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In addition to the 75.8 million kilowatts of the in- 
terconnected systems, there are 15 million kilowatts 
of generating capability in industrial plants, or a 
total of nearly 91 million kilowatts of generating 
capability in this country. Thus, the United States 
today has almost 42 per cent of the electric power 
of the world. That capacity is vitally important, not 
only to civilian economy but also to national de- 
fense. It is important to realize also that 75 per cent 
of this total capability is in the form of thermal-elec- 
tric generation and about 25 per cent is in the form 
of hydro-electric generation. These kilowatts of 
generating capability are being increased daily 
through a construction program which will add more 
than 30 million kilowatts of new generating capa- 
bility in the next few years. In fact, it is possible 
that by the end of 1955 some 35.5 million kilo- 
watts of generating capability will have been added. 
The major part of the new generating capacity will 
be in the form of thermal-electric generation and 
will make use of conventional fuels. 

It is interesting to note, too, that the amount of pri- 
vate capital invested in these interconnected power 
systems today totals about $21 billion. By the end of 
1954 the investment will be up to $28 billion, an in- 
crease of about $7 billion. This gives some idea of 
the great amounts of private capital that are going 
into expansion of electric power systems. In fact, 
80 per cent of the total generating facilities of the 
country which contribute to the public supply are 
private investment owned systems like The Detroit 
Edison Company and Consumers Power Company 
in Michigan. About 11 per cent of the facilities are 
in the systems of the federal government such as 
TVA, and the remaining 9 per cent are in the sys- 
tems of publicly owned nonfederal agencies, similar 
to the municipal system at Lansing, Michigan. The 
electric power business of this country depends pre- 


Annual operating cost 
St. Clair thermal electric power plant 
625,000 kw capability 


dominantly on private capital, and there is every 
indication that the proportion of electrical load sup- 
plied by private systems will continue at about the 
present level as increasing requirements are met. 
Fig. 1 shows that by 1955 generating capability 
will have increased to 111.3 million kilowatts and 
equivalent coal requirements should be approxi- 
mately 222 million tons. Looking still farther ahead 
to 1965, electric power systems are expected to have 
175 million kilowatts of generating capability, which 
will require the equivalent of some 334 million tons 
of coal. By 1970, less than 20 years hence, annual 
fuel requirements for power generation may be 
the equivalent of 390 million tons of coal. 
According to the best knowledge now available, 
it is believed that heat released by nuclear fission in 
a reactor can be captured and used to produce steam 
which will then be utilized to generate electric pow- 
er. The most desirable methods for releasing the 
heat and converting it to useful purposes are still 
matters of research. Since the cost of a reactor that 
will operate most advantageously cannot be deter- 
mined accurately as yet, the economic problem 
which really is before electric power systems may 
be stated briefly as follows: How can heat energy 
from a nuclear reactor be delivered to the point of 
utilization at a cost equal to,or less than,heat energy 
from conventional gaseous, liquid or solid fuels? 
Hydraulic energy also must be included when 
comparing the costs of all sources of energy for elec- 
tric power generation. A kilowatt of capacity, or a 
kilowatt hour of energy, does not recognize the 
source of the energy behind it. There is the same 
quantity of heat or electricity in each of those units 
whether generation results from the use of conven- 
tional fuel, hydraulic energy, or atomic energy. 
One of the best ways to approach the Dow-Edison 
studies on comparative costs is to look at the usual 


Justified investment in reactor— 
No labor, maintenance, or fuel cost 
(Steam plant annual operating 
costs capitalized at 10 per cent) 
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thermal-electric generating station and consider it as 
two components, one for production and delivery of 
heat units from fuel, and the other for electric gen- 
eration. To illustrate this, Fig. 2 shows the St. Clair 
thermal power plant of The Detroit Edison Co., now 
under construction on the St. Clair River. This new 
plant will have four generating units with a total 
capability of 625,000 kilowatts. Included in the 
colored area are the coal and ash handling equip- 
ment, boilers, dust collectors, smokestacks, and all 
of the facilities needed to burn coal and deliver 
steam to the turbine throttle valve. Note where the 
turbine throttle is indicated in the figure. This is 
very important because it is at the turbine throttle 
that the introduction of heat energy into the turbine 
for electric generation occurs. The unshaded por- 
tion of the plant includes equipment and facilities 
needed to convert energy in the steam received at 
the turbine throttle valve into electrical energy. 
These are the turbine-generator, condenser, pumps, 
and numerous other equipment. 

Estimates presented in Fig. 2 show the cost of 
steam generation facilities as $48 million, or $77 per 
kilowatt of capability. For electric generation the 
cost is $50 million or $81 per kilowatt. These items 
are of particular significance as present develop- 
ments show that it may be possible to substitute a 
nuclear reactor for the steam generation part of a 
modern thermal-electric generating station. The 
part of the station that might be eliminated repre- 
sents a little less than one-half of the station’s total 
cost. The part of the station used entirely for electric 
generation, costing just over one-half of the total 
for the station, must remain whether the heat source 
is from conventional fuels or from a nuclear reactor. 

It is extremely important, in discussing this part 
of the problem, to bear in mind two other items 
shown on Fig. 2. They are the percentages of total 
system investment represented by each component 
of this typical thermal-electric generating station. 
Based upon data of a year ago, the investment in 
steam generating facilities of Detroit Edison’s four 
main thermal power plants amounted to 17 per cent 
of the company’s total investment. The investment 
in associated electric generating facilities amounted 
to 18 per cent of the total company investment. 

These values, 17 and 18 per cent, may vary some- 
what between different electric power systems. On 
the whole, however, they are typical for any pre- 
dominantly thermal system. Since it is contemplated 
that nuclear reactors may be substituted only for 
the steam generation facilities, accounting for 17 
per cent of the total system investment, it is obvious 
that only this comparatively small part of the total 
system’s costs can be influenced by the substitution. 
This fact has not been as widely understood as it 
should be and there must be a clearer realization of 
the fact that atomic energy, as now foreseen, will 
affect only a small portion of present investments. 
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Fig. 3 summarizes Dow-Edison’s efforts to deter- 
mine the amount of investment that might be justi- 
fied in making a nuclear heat power reactor which 
would bring heat energy to the turbine throttle at 
a cost no greater than the cost of heat from a con- 
ventional heat source. The left hand column shows 
estimated annual operating costs of supplying heat 
to the turbine throttle for the conventional plant. 
The column on the right shows the limit of the in- 
vestment that could be justified in a reactor, assum- 
ing no labor, maintenance, or fuel costs. 

For the colored part of the generating station 
shown on Fig. 2, operating manpower expense is 
about $180 thousand a year, while the operation and 
maintenance materials and supplies expense is about 
$307 thousand. Annual fixed charges on the thermal 
part of the plant calculated at 10 per cent of the in- 
vestment amount to $4,829,300. Fuel costs for that 
plant will be $8,855,000 (1,233,000 tons of coal at 
$7.18 a ton.) Total annual operating expense of the 
conventional plant is $14,171,300, and the cost of de- 
livering heat units to the turbine throttle figures out 
to be 57.7 cents per million Btu. 

In the right hand column, annual operating costs 
are shown capitalized at 10 per cent. If it is assumed 
that the nuclear reactor has 1\o operating labor ex- 
pense, $1,800,000 could be invested for that item 
alone, while eliminating operation and maintenance 
supplies and materials would add $3,070,000. Annual 
fixed charges on the investment in thermal genera- 
tion facilities, capitalized at 10 per cent, are $48,- 
293,000. If it is possible to get the equivalent heat 
units of the coal from the nuclear reactor at no fuel 
expense, what is normally paid for fuel can be capi- 
talized at $88,550,000. The total of those amounts is 
$141,713,000, the amount which might justifiably be 
invested in a nuclear heat power reactor which, at 
no fuel cost and no operating labor or maintenance 
expense would deliver one million Btu of heat 
energy at a cost of 57.7 cents. Therefore, an invest- 
ment of not more than $227 per kilowatt would be 
justified for a reactor and auxiliary equipment. 

Thus, a comparison of investment costs for two 
methods of supplying equal heat units to the turbine 
throttle can be made: (a) in the thermal plant used 
in this study, $77 per kilowatt, and (b) in the atomic 
plant, $227 under the most ideal conditions. This be- 
comes the limiting factor because if the investment 
exceeds $227 per kilowatt, the cost of heat at the tur- 
bine throttle would be more than by present conven- 
tional means. Of course, it is hardly practical to as- 
sume that a heat power reactor could be built which 
would have no fuel, operation, or repair costs. . 

Fig. 4 is designed to show how the justified invest- 
ment in a reactor would change if the ideal condi- 
tion of no fuel cost could not be realized. It has been 
assumed for this illustration that purified uranium 
might be used and that only a small part of the tota! 
uranium supplied to the reactor would be fissioned 
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tool Fig. 4—Justified investment in a nuclear heat power reactor and accompanying equipment. 
Based on 625,000 kw capability, 70 per cent annual plant factor and assuming fuel costs 
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Justified Investment, dollars per kilowatt of capacity 


Thermal electric plant assumptions 


Total investment $98,700,000 

Annual fuel cost $8,855,000 

Coal cost per ton $7.18 

Heating value 11,800 Btu per Ib 

Operating labor and maintenance — $0.395 per ton of coal 


Nuclear reactor assumptions 


Fuel-purified uranium. One |b equals 7.23 tons of 11,800 Btu coal 
No operating labor or maintenance costs 





If this purified uraniwm could be obtained at no cost, 
then the investment pf $227 per kilowatt of reactor 
capacity would be justified. But with increasing cost 
of purified uranium, the justified investment would 
decrease. When that cost reaches $56 per pound, jus- 
tified investment in a nuclear reactor installation 
would be only $77 per kilowatt, the same as for the 
conventional thermal plant. If the cost of purified 
uranium were as much as $83 per pound, then no in- 
vestment in a nuclear reactor could be justified. 

As a source of heat energy alone, atomic fission is 
unlikely to be commercially successful in the fore- 
seeable future without assurance of additional 
revenue from the sale of atomic by-product materi- 
als like plutonium. There are other revenue possi- 
bilities, of course, and it is expected that these will 
be developed through intensive research. 

Many engineers naturally ask the additional ques- 
tion: Will the use of this new source of energy first 
be considered for older existing plants or for new 
plants to be constructed in the future? In all prob- 
ability, it will be considered for new plants first, ex- 
cept perhaps for experimental installations. In new 
plants, no investment for heat generating facilities 
will have been made. The problem therefore will be 
that of justifying either conventional fuel burning 
equipment or the nuclear heat power reactor. This 
would involve a direct comparison of costs. 

For existing plants, where the investment for heat 
producing facilities has already been made, this di- 
rect comparison would not be possible. A justifica- 
tion for a reactor to be substituted for an existing 
boiler plant would have to include the unamortized 
portion of the existing investment as well as the 
full cost of the reactor. Only if the annual operating 
cost of the existing station is greater than the cost of 
the new installation, taking into account both fixed 
charges on the two capital investments and reactor 
operating expense, would it be practical to change. 

That is important because there is already a great 
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investment in thermal generating facilities. There- 
fore it appears most unlikely that any development 
in the use of atomic fuel will affect existing plants. 
As they become older their utilization and hours of 
service gradually decrease; their output is lower. 
The increased investment in a nuclear reactor could 
be justified only where there is a high load factor; 
where utilization of facilities is very great. There- 
fore, plants which are now in operation or under 
construction undoubtedly will serve their useful 
economic life before they will be superseded by an- 
other energy source. Even if atomic energy is de- 
veloped with unexpected rapidity, it will affect only 
a part of the existing plant. 

With atomic fuel materials of various kinds avail- 
able, to be economical a reactor would have to: (a) 
use low cost fuel material, (b) utilize high tempera- 
tures, and (c) have small exclusion area require- 
ments. Conventional power plants may require a site 
of about 100 acres, whereas a reactor plant might 
require, under present limitation, an area of 100,000 © 
acres or more. Certainly too, the capital cost of such 
a reactor should be low. 

Electric power systems of this country and of 
other countries should be intensely interested in 
atomic energy development. There is no evidence 
that there can be early results, but certainly the in- 
vestment, the research, and the development neces- 
sary to produce results are well justified. Private 
capital and private industry, the electric power in- 
dustry in particular, indeed have a great deal at 
stake in this development. Industry is justified in 
putting not only its funds but also its best man- 
power to work towards the broadening and strength- 
ening of this industrial participation. 





Material in this article was abstracted from a paper 
presented by the author at the Annual Summer In- 
stitute sponsored by the University of Michigan Law 
School in Ann Arbor, Michigan during June 1952 
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Industrial Boiler 





MAX H. KUHNER 
Vice President in Charge of Engineering 
Riley Stoker Corporation 


Max H. Kuhner completed his formal educa- 
tion in Germany, and was graduated in 1921 
from the Techniche Hochschule at Karlsruhe. 
During 1922 and 1923, while employed by Han- 
omag in Hanover, Germany, he participated in 
the development and construction of the first 
commercial natural circulation boiler of 1500 
psig. In 1925 Mr. Kuhner took charge of the en- 
gineering department of Badenhausen Corp. 
and held the position of chief mechanical engi- 
neer until the consolidation in 193! with Riley 
Stoker Corp. At that time he was transferred to 
Riley's headquarters in Worcester as chief me- 
chanical engineer and placed in charge of de- 
sign and development of steam generating and 
fuel burning equipment. His appointment as 
vice president in charge of engineering came in 
1949. Mr. Kuhner, a member of the ASME and 
engineering societies in Europe, has authored 
many technical papers and holds close to 100 
patents in the steam power field. He also 
holds professional licenses in numerous states. 


Typical Central Station boiler 
of 1,500,000 Ib per hr capac- 
ity, 2050 psig pressure and 
1000 F steam temperature. The 
steam is resuperheated to 
1000 F after it has passed 
through the high pressure sec- 
tion of the turbine. Steam 
temperature controls by gas 
flow and burner level keep 
high pressure and reheat tem- 
perature at 1000 F between 
60 per cent and maximum - 
load. Fuel is pulverized coal 
and oil. Over-all height of 
this big boiler exceeds 160 ft 
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Superheater outlet header 


Maca space has been devoted in technical publica- 
tions to descriptions of power generating equipment 
in public utility plants. Engineers and owners point 
with pride to the large size, high steam pressure and 
high steam temperature of the units in their power 
system, and rightfully so. Today’s capacities, pres- 
sures, and steam temperatures are impressive, par- 
ticularly since such rapid advancement in the de- 
velopment of steam generating equipment occurred 
in a relatively short period. Thirty years ago there 
was only one natural circulation boiler operating at 
1500 psig and delivering steam at approximately 
700 F. Its capacity was only 150,000 lb per hr, but 
this was then considered quite large. 

Today there are many power stations with boilers 
generating as much as 1,250,000 lb of steam per hr 
each, some at pressures of 2000 psig and more with 
steam temperatures as high as 1050 F. Larger boil- 
er units of still higher pressures and higher steam 
temperatures are being constructed for central sta- 
tion power plants, and no limit is as yet in sight. 

The impressive showing of steam power equip- 
ment in central stations tends to overshadow what 
is being done in industrial plants. Their boilers may 
be smaller and of lower pressure and steam tempera- 
ture, but the designers of steam generating equip- 
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ment for industrial plants have not been idle. The 
modern boiler of the industrial plant often compares 
favorably with the central station boiler, in fact, its 
basic design appears to be the same. 

There is, however, a difference brought about by 
‘the difference in duty of the industrial boiler com- 
pared with that of the central station boiler. The 


normal central station load cycle is usually predict- 
able and follows an established pattern. Thus, boiler 
steaming rates can be kept under close control (ex- 
ceptions are spinning load steam plants as standby 
for hydro power). Feedwater is usually almost pure 
condensate permitting operation with low boiler 
water concentrations. This in turn results in clean 
steam and absence of internal scale deposits. The 
system of automatic controls and instrumentation is 
invariably complete and of the most efficient type. 
Rigid schedules for inspection, maintenance and re- 
pair are followed. Plant personnel is of high calibre. 
All is geared to the business of manufacturing kilo- 
watts and delivering them to distribution lines as 
efficiently as possible. The boiler, along with the 
turbine-generator, is thus the primary production 
equipment of the plant. 

This is not so in an industrial plant. Its end prod- 
uct is not steam and electric power, but chemicals, 
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650,000 Ib per hr Steel Mill boiler of 1000 psig pressure 
and 900 F steam temperature. Main fuel is blast furnace 
gas with oil as standby. Note large convection surface 
and areas of gas passages. Nearly 17 cu ft of blast 
furnace gas must be burned for each pound of steam 
generated. A complete system of retractable soot blow- 
ers cleans heating surfaces with boiler in service. Provisions 
are made to permit washing down of boiler, economizer 
and air heater surfaces during scheduled periods. Steam 
temperature is kept constant by heat exchanger control 


paper, oil, steel, or innumerable other materials. That 
it requires steam to produce these commodities is 
recognized, but few realize that the boiler may be 
the heart of the industrial plant, furnishing the life 
blood with the steam needed for process. 

Industrial boilers usually must perform a more 
difficult job than central station boilers and under 
less favorable conditions. Steam load is often un- 
predictable. It may rise suddenly or drop without 
warning or it may fluctuate continuously between 
high and low extremes, as for example, in rolling 
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mills or wood fibre board mills. Feedwater may be 
almost all treated makeup because the steam may 
be consumed in process and no condensate can be 
recovered. Solids concentration in the boiler water 
is then high (one boiler unit in an oil refinery 
operated for many years with over 10,000 ppm boiler 
water concentration) . The possibility for boiler scale 
and steam contamination exists. 

It follows that much greater care is required in the 
design of steam generating equipment for industrial 
plants than for central stations. A boiler correctly 
designed and constructed for reliable service in an 
industrial plant will give a good account of itself if 
used in the central station. On the other hand, the 
central station boiler may be in serious trouble if 
used as is in the industrial plant. 

Due to the nature of their business, most large 
public utility companies employ a permanent staff 
of engineers trained to assist in planning for and in 
the design of new power generating equipment. The 
consulting engineer’s duties are then those of an 
adviser who makes a final check of studies and plans. 
The average manufacturing concern, however, can- 
not afford permanent employment of technical spe- 
cialists in steam and power generation. Emphasis 
here is placed on technical talent entrusted with de- 
velopment, design and manufacture of the product. 
When the time comes for consideration of new or ad- 
ditional steam generating capacity, the plant tech- 
nicians know what is needed, but do not necessarily 
know how to specify the equipment best suited for 
the requirements and individual conditions of the 
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Steam flow meter chart of a 1,000,000 lb per hr Central 
Station boiler. The 24 hr pattern is substantially repeated 
every working day. Steam output rate is quite steady for 
many hours and large changes such as recorded for 5:45 
AM and 11:30 PM are expected and are no problem 
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Traveling grate spreader stoker fired boiler 
in service in a Midwestern Tire and Rubber 
Plant has 250,000 Ib per hr capacity at 250 
psig and 525 F steam temperature. Fuel is 
high ash, high sulfur coal. The 24 ft wide 
furnace is divided in the center by a bare 
tube curtain for furnace cooling and to pre- 
vent slagging of superheater and boiler sur- 
face. No baffles are used in boiler to 
prevent concentration of fly ash in com- 
bustion gas and possible tube cutting. Dust 
collector is placed between boiler and air 
heater where gas temperature is above 
dew point at all loads. Tubular air heater 
is arranged for vertical downflow of flue 
gas. Condensate from corrosive flue gas 
moisture, if it occurs in air heater, will drop 
off bottom end and cannot run into tubes 


plant. This becomes the consulting engineer’s project. 

While it is not possible to cover the subject in 
detail within the space of these pages, an attempt 
will be made to mention some of the major design 
requirements for a boiler unit constructed to pay its 
way in the average industrial plant. 

1. Capacity. If, after careful study, maximum 
steam demand has been established, it is well to 
specify the capacity of the new boiler at least 25 per 
cent greater. Two years or more may elapse be- 
tween the planning stage and the time of initial 
service, and some one is sure to find more use for 
steam in the plant. A new process requiring in- 
creased steam consumption or natural growth in 
the progressive plant during this period will call for 
more steam before the boiler is ready for operation. 

2. Pressure. When steam is used for process it may 
be produced at low pressure, generally saturated or 
only slightly superheated. While some plants are 
so situated that generation of power need never be 
considered, there are other manufacturing plants 
where the margin between purchased power and 
power produced at home is so small that only slight 
changes in economic conditions may make the pro- 
duction of power attractive. In still other manufac- 
turing plants, such as pulp and paper mills where 
large quantities of process steam are needed, almost 
all electrical power required can be produced as a 
by-product by generating steam at higher pressure 
and passing it through a turbine to exhaust at the 
pressure required for process. 

It seems indicated therefore that if there is the 
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slightest chance for future power generation, the 
new boiler should be built for the higher pressure 
of the future and should be designed to permit con- 
venient addition of a superheater. The added invest- 
ment for a boiler built for higher pressure, although 
initially operated at low pressure, is surprisingly 
small. Only the pressure parts cost more. Firing 
equipment, fans, ducts, boiler setting, steel sup- 
ports, platforms and stairs, foundations and building 
cost about the same for a high pressure boiler as for 
a low pressure boiler of equal capacity. 

3. Fuel. The fuel to be used for the new boiler re- 
quires more careful study. If waste fuel is available 
(blast furnace gas, wood refuse, bagasse, refinery 
waste, and various scrap materials) the efficient 
combustion of it is important. The term “waste 
fuel” is a misnomer. If used to produce steam it is 
not a waste, but should rather be known as a by- 
product fuel. Whatever heat is recovered by burn- 
ing so-called waste fuel need not be generated by 
expensive purchased fuel. Selection of firing equip- 
ment, design of the furnace and, in fact, the entire 
boiler unit are controlled by the fuel. 

In some plants, the by-product fuel may not be 
sufficient for the generation of all steam required or 
its supply may not be continuous and in step with 
steam demand. It then becomes necessary to provide 
an auxiliary or makeup fuel, such as coal, oil or 
natural gas. Performance characteristics of the boil- 
er differ materially between various types of fuel. 
For example, higher steam temperature is produced 
while burning blast furnace gas as compared with 
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coal, if both are burned in the same furnace and 
through the same burners. If the maintenance of 
steam temperature within a close range is important, 
some type of control becomes necessary. 

Whether there is a by-product fuel or not, pur- 
chased fuel may cause steam production to be costly 
or economical. It will be costly if furnace and fuel 
burning equipment are designed so that only one 
type of fuel of premium quality can be burned 
satisfactorily. It may become economical if the de- 
sign of furnace and fuel burning equipment do not 
limit selection of kind and type of purchased fuel. 

4. Water. Sufficient suitable water supply is a 
problem for almost every manufacturing plant. All 
raw waters nature provides require treatment to 
become safe for boiler feed. Feedwater and boiler 
water chemistry is an art in itself. The prospective 
boiler purchaser is well advised to procure the ser- 
vices of a competent consultant for the study of 
water sources, for recommendations of correct water 
conditioning and even for supervision and periodic 
checks after the plant is in service. 

Very few industrial boilers are fed with pure con- 
densate. In fact, the average industrial boiler re- 
ceives feedwater which consists of 50 to 100 per cent 
treated makeup. For economy’s sake it is desirable 
to operate the boiler with high boiler water con- 
centration. The higher the boiler water concentra- 
tion, the lower the rate of blowdown and the less 
treated water will be lost. The limit to which boiler 
water can be concentrated is reached when the pu- 
rity of the steam delivered by the water suffers or 
when internal deposits of scale and sludge in tubes 
and drums reach such proportions that safe perform- 
ance is impaired. An effective steam purifying sys- 
tem installed in the steam release drum of the boiler, 
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large steam release space above the working level 
and provisions for intermittent blowing down of 
sludge accumulations from the low points of the 
boiler system help to keep the boiler on the line even 
with unusually high water concentration. 

5. Efficiency. In general, the industrial boiler must 
be more liberally proportioned than a central station 
boiler of equal capacity. On the other hand, the high 
thermal efficiencies for which central station boilers 
are constructed usually are not justified for the in- 
dustrial boiler, especially if such high efficiencies 
result in high maintenance expense and greater 
probability of boiler outage. For example, it is en- 
tirely possible to construct a coal burning boiler for 
90 per cent thermal efficiency. Flue gas tempera- 
ture will then be below 300 F, and condensation of 
flue gas moisture must be expected in air heater, gas 
ducts and draft fan. There will be corrosion leading 
to costly repair. 

Boilers designed for 90 per cent efficiency may be 
justified for central stations. Here savings in fuel 
can pay for the repair costs many times over and 





Steam flow chart shows a typical working day 
load of a Steel Rolling Mill boiler of 100,000 Ib 
per hr design capacity. Rapidly changing loads 
of 30,000 Ib per hr minimum and over | 20,000 
lb per hr maximum place severe demands on 
boiler. Only a boiler designed for unrestricted 
natural circulation with which the fly wheel 
effect of many tons of water circulating at rates 
of 5 to 10 fps can be utilized fully, will perform 
under such loads without danger of tube losses 


Oil Refinery boiler of 450,000 Ib per hr capacity at 1400 
psig pressure, 900 F steam temperature. Fuel consists of 
refinery refuse, gas, pitch, acid sludge. Flue gas temper- 
ature kept above 350 F by hot air recirculation to prevent 
corrosion in air heater and gas ducts. Feedwater is about 
40 per cent condensate and 60 per cent treated makeup. 
This outdoor boiler has all welded steel shell, hermeti- 
cally sealing setting. Casing is constructed for 100 lb per 
sq ft internal pressure to protect personnel and external 
equipment from furnace puffs or minor gas explosions 


CONSULTING ENGINEER 





fats 




















300,000 Ib per hr boiler in Pulp and Paper Mill. Steam is 
generated at 875 psig, 830 F for power generation and 
process. Bark and wood waste are burned on traveling 
grate fed by pneumatic spreaders. Natural gas is the 
makeup fuel. Dust collector is placed between economizer 
and air heater. Cinders collected in boiler hoppers and 
dust collector are returned to furnace for reburning. 
Furnace is over 45 ft high to reduce carryover of unburn- 
ed fuel particles. Unit is steel cased for outdoor service 


repairs can be scheduled for light load periods. But 
the probability of curtailment of production while 
the boiler is down for repair with resultant loss in 
revenue discourages the installation of such boilers 
in industrial plants. Emphasis must be placed on a 
boiler design which insures dependable, uninterrupt- 
ed service with reasonable economy and often under 
unfavorable conditions of steam load, water and fuel. 

6. Controls. There are, of course, many more de- 
sign requirements for a successful industrial boiler. 
Thought should be given to instrumentation and 
automatic controls. Manpower is expensive and is 
becoming more so. If automatic control can reduce 
operating personnel, a fairly large initial investment 
is justified. On the other hand, boiler house instru- 
ments and controls must be kept simple and fool- 
proof. Nothing is gained if an elaborate control 
system saves the service of an operator, while at 
the same time a crew of instrument men are kept 
continuously busy maintaining the control system. 

7. Setting. An important consideration is the boil- 
er setting. The economy-minded engineer will in- 
sist that the setting of his new boiler is absolutely 
tight and will remain tight for many years of service. 
He knows that a leaky setting is an expensive setting 
no matter how low its first cost may have been. Air 
infiltration lowers boiler efficiency, increases fan 
power, and may reduce steam output capacity. Leak- 
age of dust and fumes into the boiler room makes 
good housekeeping an impossible task. 

A most practical setting enclosure is a completely 
welded and strongly reinforced steel casing. It should 
be constructed to withstand furnace puffs which 
may occur during lighting-off, in fact it should be 
strong enough to stay in place under a light gas 
explosion. In this way, the setting protects operators 
from injury in case of an explosion and confines 
resultant damage to the boiler. Very often more 
damage is done to external equipment than to the 
boiler itself by flying bricks and debris when a gas 
or dust explosion occurs and the setting is of the 
ordinary refractory type. A strong steel shell around 
the setting prevents damage to external equipment 
in case of such an accident and requires no attention 
except possibly a periodic coat of paint. 

In the preparation of boiler specifications, the con- 
sulting engineer will consider such additional de- 
tails as minimum tube sizes, sizes of drums and 
headers in the circulatory system, and design of 
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gas passages where abrasive dust is carried in the 
combustion gas. Where the boiler water is such that 
occasional boiler scale can be expected, the engineer 
will specify large diameter tubes to permit mechani- 
cal cleaning. Tubes will then be spaced so that in- 
dividual tubes can be replaced in case of failure with- 
out disturbing other tubes in the system. The engi- 
neer will give thought to provisions in the construc- 
tion of the boiler which will make chemical cleaning 
possible and convenient. Where occasional washing 
of the external surfaces of economizer and air heater 
may become desirable, the engineer will specify pro- 
visions for drainage of corrosive washwater. 

Most consulting engineers watch their client’s 
purse strings closer than if they were their own. 
This is as it should be, but in the purchase of an 
industrial boiler first cost must not be the primary 
deciding factor. The purchaser’s interest would be 
ill served if by cutting corners the new steam gen- 
erating equipment would not live up to expectations. 
It is well to remember that owners and plant person- 
nel will have to live with the new equipment for 
many years. The price paid for it is soon forgotten, 
while any compromise made in the design or con- 
struction to lower the cost and thus the quality of 
the equipment will long be remembered, especially 
if such compromises lead to operating troubles, 
limitations in steam output, or high maintenance. 

It must be realized that the boiler designer is 
guided by the engineer’s specifications. An industrial 
boiler is not a standardized piece of equipment— 
rather it is tailored to the job it is to perform. The 
more complete and comprehensive the consulting 
engineer’s specifications, the better the guidance for 
the designer and the greater the assurance that the 
equipment finally installed lives up to expectations. 
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FIG. I—HEAT CONTENT VARIATIONS WITH PRESSURE 








PERSONALITIES 


A. T. Waidelich, Vice President and Manager 
Research Division, The Austin Company 


Re one thing for an engineer to solve problems, 
but quite another to recommend steps which will 
head them off. Nothing gives A. T. Waidelich more 
satisfaction than the opportunities he has, as vice 
president and manager of The Austin Company’s 20- 
man research team, to help clients find plant loca- 
tions best suited to their needs and develop layouts 
which eliminate problems at their source. On the 
strength of his work on surveys of industrial plant 
locations, he was appointed a member of the Atomic 
Energy Commission’s Committee on Site Review. 

Waidelich has constantly been on the go since 
completion of his studies at Drexel Institute (B.S.- 
C.E. 1928), and Massachusetts Institute of Tech- 
nology (S.M. 1930). Immediately thereafter he spent 
a year in Europe on a fellowship, followed by several 
years of teaching structural engineering at M.L.T. 
Next he served as an assistant professor of Civil En- 
gineering at Robert College in Istanbul, Turkey. 

Joining The Austin Company in 1936, as a struc- 
tural designer in their New York district office, he 
had a hand in adapting their welded rigid frame de- 
signs to some of the first American plants making 
use of this technique. When the company was given 
a contract for design and construction of a coffee 
roasting plant for Hills Bros. Coffee, Inc., at Edge- 
water, N. J., Waidelich was made responsible for 
working out the complex problems presented in de- 
veloping a 14-story core of welded stainless steel 
bins to handle all coffee processed in the plant. 

When World War II led to expansion of ship- 
building and aviation plants, Waidelich was a mem- 
ber of the estimating staff which figured costs for 
the country’s first Controlled Conditions aircraft 
factory, built for Grumman Engineering Co., and for 
the first plant to make small naval craft on a pro- 
duction line, developed for Electric Boat Co. 

In 1941, Waidelich was assigned to research work 
and transferred to the company’s headquarters in 
Cleveland. In his new assignment, he played a lead- 
ing role in the development and adoption of Austin’s 
H-section welded truss designs. 

Since that time, he has sparked the activities 
of the working research staff responsible for numer- 
ous studies on the economics of Controlled Condi- 
tions buildings. This work has resulted in basic de- 
signs to reduce cost and increase practicality of 
progressive and full control of atmospheric condi- 
tions in industrial plants. 
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Waidelich was in charge of tests conducted on 
prestressed concrete beams and girders, and the 
subsequent development of designs which climaxed 
two years of intensive study and research under the 
general guidance of J. K. Gannett, vice president 
in charge of engineering and research. As the field 
general who has implemented and executed the op- 
erations mapped out by Mr. Gannett and approved 
by the company’s general management, he has been 
held accountable for the results. 

Because of constant travel required by his job, 
Waidelich’s favorite relaxation is “an evening at 
home”. Never known to choose a summertime vaca- 
tion, he prefers skiing to all other sports, and takes 
pride in the way his wife, son and daughter have 
followed suit. He bowls occasionally, although he 
never stays in one place long enough to take part 
in regular league activity. 

He has never quite shaken off a fascination for 
railroading, which he developed as a youngster 
whose home was near the main line of the Reading. 
At eight, he could name all the Pullman cars on 
the main line service. He naturally chose the Read- 
ing for his first job under Drexel Institute’s coopera- 
tive educational plan. One of the chores he remem- 
bers best was that of measuring the holds of tramp 
steamers for use in estimating coal trimming charges. 

Today a timetable has as much fascination for 
Waidelich as pocket mysteries, which are his favorite 
reading. He says you can see the whole operation of 
a railroad through the timetable, if you know how 
to read it. 

Waidelich is a member of the American Society 
of Civil Engineers, the American Concrete Institute, 
the National Society of Professional Engineers, the 
American Welding Society, Tau Beta Pi, and prac- 
tices as a professional engineer in sixteen states. His 
appointment to the 25-man Building Resources Ad- 
visory Board of the National Research Council has 
recently been announced. 
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Some Properties of 
Water Which Influence 
Boiler Design as 
Pressures Increase 





Albert R. Mumford graduated from Massachusetts In- 
stitute of Technology in 1918. After four years as assistant 
fuels engineer of the U. S. Bureau of Mines he joined the 
New York Steam Corp. as research and design engineer, 
which position he retained for 15 years. From 1938 to 
1942 he served as assistant director of research with the 
Consolidated Edison Co. of New York and then joined 
the research department of Combustion Engineering- 
Superheater Inc. Mr. Mumford received the Percy Nicholls’ 
Award at the Fourteenth Annual Joint Fuels Conference 


N OT too many years ago the industrial power 
plant generally was regarded as a necessary nui- 
sance. In fact, it is reported that 65 to 70 years ago 
the design of a boiler was regarded by the owner 
as unimportant from an efficiency standpoint. The 
fireman was all important. If the fireman could 
maintain the desired steam pressure under the usual 
conditions of unknown and variable load, he was a 
good fireman. The properties of the fuel were little 
known and the significance of these properties, less 
understood. Coal was black and a boiler was a 
boiler. The good fireman could hold the pressure if 
the fuel and boiler were good but it was not his 
fault if he couldn’t hold the pressure with a poor 
boiler or with unsuitable fuel. Today even in- 
dustry’s front office is aware that fuel, equipment 
and personnel constitute a team the efficiency of 
which directly affects production costs. 

Even before industrial plants were electrified the 
influence of steam pressure on the conversion cycle 
was understood and applied. With the advent of 
unit electric drives higher pressures were adopted 
quickly, and some industrial plants pioneered this 
field. As pressures rose not only did the thickness 
of the walls of the pressure parts increase but the 
arrangement of these parts changed so much that 
today’s high pressure boiler bears little resemblance 
to the low pressure boilers of less than 50 years ago. 

The early boilers, because of their low pressures, 
could be fed with cold water without much danger 
of temperature shock or stress. The temperature 
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FIG I—HEAT CONTENT VARIATIONS WITH PRESSURE 


Water to saturated steam to superheated steam 


Heat to vaporize 
saturated liquid }\\ 


Btu per pound 
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saturation temperature 
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A. R. MUMFORD, Research Department | 


Combustion Engineering-Superheater, Ine. 
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sponsored by the Fuels Division of the ASME and the Coal 
Division of the AIME. The citation recognized his con- 
tribution to important advances in utilization of fuels 
through research work on the combustion of coal, heat 
transfer, and circulation in steam generators. He has di- 
rected the work of the ASME special research committee 
on furnace performance factors, the reports of which form 
an important contribution to engineering literature on heat 
absorption by boiler furnaces. He has long been active 
in the ASME, serving as vice president from 1946 to 1950. 


of the flue gases could be brought down to within 
perhaps 100 F of the saturated steam temperature 
in a large clean boiler operated at about rating. 
Superheating was employed initially to provide dry 
steam but most plants got along without it. 

Economizers were introduced to cool the flue 
gases to a lower temperature than could be accom- 
plished in the boiler. Air heaters were introduced 
to cool the gases even further than the economizer 
could, and superheaters became quite common when 
the dependence of the cycle efficiency on tempera- 
ture was generally understood. At low pressures, 
or at any pressure, the economizers, superheaters 
and air heaters increased the efficiency with which 
energy of the fuel was converted, through the me- 
dium of steam, to mechanical or electrical energy. 
However, these auxiliary heat absorbing devices 
became essential as pressures rose not only because 
of their contribution to the efficiency of conversion 
but because of the properties of water and the in- 
fluence of those properties on design. 

Neglecting the air heaters, the boiler designer 
must furnish heat absorbing surfaces for: (a) heat- 
ing of the liquid (economizer), (b) change of state 
of the liquid (evaporating surface or boiler), and 
(c) superheating of the vapor (superheater). Ob- 
viously the extent of each operation required will 
control the amount of such surface built into the 
unit. The pressure also has a direct effect on the 
amount of each kind of surface which is required. 
Most engineers use the steam tables to obtain the 
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properties of water and water vapor under specified 
physical conditions at a few points and seldom look 
at the forest instead of the trees. A thoughtful look 
at the forest will explain most if not all the design 
and appearance changes which make high pressure 
boilers seem so strange. 

The heat ip the liquid, the total heat in the satu- 
rated vapor, and the total heat in the superheated 
vapor, in Btu per lb, have been plotted against abso- 
lute pressure in Fig. 1 and tabulated, with the 
percentage of the total, in Table 1. A constant total 
temperature of 1100 F was assumed for simplicity. 

Most steam engineers realized that the heat of the 
liquid becomes equal to the total heat of the satu- 
rated vapor at the critical pressure and that at the 
critical pressure there was no requirement for heat 
to vaporize the liquid because the molecules did not 
increase their separation or, to put it another way, 
the density of the liquid and the vapor becomes the 
same. At the critical pressure, therefore, only two 
of the original three duties of surface remain, 
liquid heating (economizer) and superheating. The 
necessity of a boiler (evaporating surface) has dis- 
appeared. At the critical pressure about 60 per cent 
of the heat required is utilized for liquid heating and 
40 per cent for superheating. At the lower pres- 
sures, say 200 psia, liquid heating requires 22.5 per 
cent of the total, evaporation 53.3 per cent, and 
superheating 24.2 per cent. The distance on the plot 
between the heat of the liquid line and the zero 
ordinate is the heat required for liquid heating. The 
distance from the lower half of the loop to the 
upper half is the heat required for vaporization, and 
from the upper half of the loop to the total heat at 
1100 F is the heat required for superheating. 

The gradual diminution of the amount of heat 
required for vaporization with increasing pressure 
explains the almost complete disappearance of the 
boiler as such. With the advent of water cooled 
furnaces the furnace walls absorbed, by radiation, 
part of the heat formerly available to the boiler. 
The area of the convective section of the boiler was 
decreased to compensate for the absorption in the 
water cooled furnaces. As the critical pressure is 
approached some or all of the furnace cooling must 
be assigned the duty of liquid heating and perhaps 
some of it assigned the duty of superheating at the 
critical pressure. 

Thus, as economizers and superheaters become 
larger at the apparent expense of the boiler a look 
at the steam tables tells why this must be so. How- 
ever, there are factors other than the assignment of 
a given proportion of heat absorbing surface to a 
certain duty which influence design and some men- 
tion will be made of these. 

Of course, the liquid is not always brought to the 
saturation temperature in an economizer even today 
when the necessity for the evaporating surface still 
exists. Some economizers are “steaming” econo- 
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mizers designed to evaporate some of the liquid at 
high loads but most economizers do not absorb 
enough heat to require a “steaming” design and de- 
liver the water to the evaporative surface at a tem- 
perature less than that of saturated steam. With 
water entering the boiler at less than saturated tem- 
perature some of the surface must be used for 
liquid heating. The proportion of evaporative sur- 
face used for liquid heating will vary with the 
load on the unit when economizers and/or regen- 
erative heaters using steam bled from the turbine 
are utilized. Such use of evaporative surface for 
liquid heating is as old as are boilers so nothing 
generally new is involved. 

The difference between the saturation tempera- 
ture and the temperature of the circulating fluid 
usually is referred to as the amount of sub-cooling. 
In the case of evaporative surfaces, the temperature 
of the circulating fluid is that of the mixture of feed- 
water and recirculated boiler water. The amount of 
sub-cooling increases with decreasing feedwater 
temperature at constant recirculation or increases 
with decreased recirculation. Where circulation is 
controlled externally by a pump the recirculation is 
known and can be adjusted to control the amount 
of liquid heating which must be completed in, for 
instance, the furnace tubes. Where circulation is 
controlled by density differences alone it is obvious 
that a high degree of sub-cooling in the circulating 
fluid would require a greater proportion of the 
evaporative surface to be utilized for liquid heating. 
If the evaporative process takes place only in the 
upper portions of the riser circuits because of liquid 
heating requirements, the change in density will 
have to accelerate a long liquid column and may 
be insufficient to provide the velocity required for 
adequate protection. 

It has been demonstrated elsewhere, that the 
internal film resistance for liquid heating is greater 
than that for evaporation because the steam bubbles 
formed in the evaporative process rupture the in- 
ternal film by their transverse motion. It is advis- 
able, therefore, to control the rate of heat transmis- 
sion in the liquid heating area because higher metal 
temperatures will result in such a zone than would 
exist in the evaporative area at the same rates of 
heat transmission. Thus, it is desirable to be able 
to “place” or control the activity in the zones of 
the furnace in order to avoid unnecessarily high 
metal temperatures. This factor increases in impor- 
tance as the pressures rise because of the accom- 
panying rise in saturation temperatures. 

As the pressures increase and the evaporative 
requirements decrease as a proportion of the total, 
the amount of water in the boiler section decreases. 
The capacities of today’s large high pressure units 
are such that the provision of sufficient water 
capacity to carry the unit over the period of a 
pump failure is not, to say the least, feasible. Em- 
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phasis must be placed on pump reliability and 
automatic controls to shut off fuel within a few 
seconds after pump failure. 

As the pressure increases both the saturation 
temperature and the mass of metal in the pressure 
parts, particularly the drums, increase. In heating 
the metal mass, the difference in temperature be- 
tween the liquid inside and the outer surfaces must 
be maintained at a value which will not superim- 
pose temperature stresses on the pressure stresses 
in an amount sufficient for distortion. The tempera- 
ture differences can be maintained at safe values 
by low rates of heating from the cold to operating 
temperature or controlled circulation of the fluid by 
outside circulating pumps. Rapid heating can in- 
troduce temperature stresses unless circuit resist- 
ances are low and normal velocities are reached 
quickly for uniform distribution. 

Similarly, the heating of the unit from cold to 
operating temperatures at elevated pressures re- 
quires provision for free and unobstructed expan- 
sion. Such provision always is designed into the 
unit but may be obstructed by careless housekeep- 
ing or maintenance practices. 

As tube diameters increase, the wall thicknesses 
increase in direct proportion within Code limits. 
Thus, any attempt to decrease circuit resistance by 
enlargement of tube areas is accomplished by a 
thickening of the walls. At low pressures this was 
not important enough to warrant attention because 
the saturation temperatures were low, and the 
temperature drop through the metal was seldom 
sufficient, at the usual low rates of heat transfer, to 
raise the outer metal ligaments to a temperature 
even approaching that at which strength decreased. 


At the higher pressures, the saturation tempera- 
tures are high enough to make the temperature 
drop through the metal of importance. By reducing 
tube diameters both the wall thickness and the tem- 
perature drop through the wall, at a given heat flux, 
can be reduced. The circuit resistances increase with 
decreasing circuit areas and a limit is reached which 
can not be exceeded when the circulation is induced 
by differential pressures alone. Thin tube walls, due 
to small diameter tubes, do not introduce a temper- 
ature drop at high transmission rates and high 
pressures sufficient to endanger the wall strength 
even at the critical pressure. 

Any increased resistance to heat flow, such as 
may be introduced by scale films on the inner sur- 
faces, is of greater importance at high pressures 
than at low pressures in the same sized tube. Such 
scale films are poor conductors of heat and prevent 
the circulating fluid from cooling the metal to the 
same degree as in a clean tube. Tube wall metal tem- 
peratures rise under such conditions, and the point 
of weakening is reached with less added resistance 
in high pressure units than in low pressure units 
because the temperature of the saturated fluid is 
higher. Similarly, a modern low pressure unit is 
designed for higher rates of heat transfer than the 
older units and is more sensitive to the resistance 
introduced by scale deposits. Thus, at high or low 
pressures, water conditioning must be modernized 
to meet the requirements of modern units. 

Boiler design for high pressures differs from that 
for low pressures in accordance with the properties 
of water. A thoughtful examination of these prop- 
erties clarifies the reasons for the differences in both 
the design and appearance of modern boilers. 





TABLE 1—HEAT CONTENT VARIATIONS WITH PRESSURE 


Water to saturated steam to superheated steam 





hg hg hey h h, 

psia Btu per Ib Per cent Btu per Ib Btu per Ib Per cent Btu per Ib Btu per Ib Per cent 
50 250 15.8 1174 924 58.3 1584 410 25.9 
100 298 18.8 1187 889 56.2 1583 396 25.0 
200 355 22.5 1198 843 §3.3 1581 383 24.2 
300 394 25.0 1203 809 51.2 1578 375 23.8 
400 424 26.9 1205 781 49.6 1576 371 23.5 
500 449 28.5 1204 755 48.0 1573 369 23.5 
600 472 30.1 1203 731 46.5 1571 368 23.4 
700 492 31.4 1201 709 45.2 1569 368 23.4 
800 510 32.6 1199 689 44.0 1566 367 23.4 
900 527 33.7 1195 668 42.7 1564 369 23.6 
1000 542 34.7 1192 650 41.7 1561 369 23.6 
i250 579 37.2 1181 602 38.7 1555 374 24.1 
1500 612 39.5 1168 556 35.9 1549 381 24.6 
2000 672 43.8 1135 463 30.1 1536 40! 26.1 
2500 731 48.0 1091 360 23.6 1523 432 28.4 
3000 803 53.2 1020 217 14.4 1510 490 32.4 
Critical 903 60.0 903 0 0 1505 602 40.0 

DECEMBER 1952 43 















Fig. |—Dependability of modern 
power transformers and metal 
enclosed and metal clad switch- 
gear allow planning engineers 
to reassess value of duplicated 
circuits for system reliability 


D. L. BEEMAN, Manager 
Industrial Power Section 
General Electric Company 


The author, Donald L. Beeman, has been with the 
General Electric Company since 1929. He has writ- 
ten more than 100 articles and papers, and his 
cognizance of the practical side of distribution 
problems is notable. 

After graduating from Leland Standford University, 
Mr. Beeman entered the G.E. Switchgear Division 
where he concentrated on development of secondary 
protector relays, for which he received the G. E. 
Coffin award. His second five years with the com- 
pany were spent in Central Station Engineering Divi- 
sion on network systems and other utility problems. 

Transferred to the Industrial Power Division in 1941, 
he was made its manager in 1942 and has had a 
major part in the development of load center dis- 
tribution systems for industrial plants. This system, 
of course, is widely used in many modernized older 
plants and a majority of new ones. 

He is a registered PE in New York and California. 






















Fig. 2—The now familiar load center 
system has proven itself in industrial 
plants and has become the basis of 
many short cuts to reduce costs without 
sacrificing the quality of distribution 


Dividends by Simplifying 


Industrial Power Systems 


a in cost of new and modernized plant facili- 
ties has placed particular emphasis or getting most 
value for the money spent. It does not mean the 
plant owner wants the cheapest facilities, but those 
having lowest cost and still serving the purpose for 
which the plant is built. In the following discussion 
on the electric power distribution system, the first 
and most important premise is to obtain adequacy. 

Since the power distribution system is only a few 
per cent of the total plant cost and so vital to opera- 
tion, it would be poor policy to make cost cuts that 
would render the system less flexible or reliable, or 
reduce quality of service below that required for the 
particular plant under consideration. Here are some 
fundamental principles for obtaining adequacy and 
low cost in either a new plant or in the expansion 
and modernization of an old plant. 


CONSULTING ENGINEER 














Overall System Planning 

The first fundamental is to study the system as a 
whole and not consider transformers, switchgear 
and cables individually. The first stage of the plan- 
ning is, of course, to determine loads and power 
source. Then a one-line diagram of the power system 
should be drawn, and a study made of the most eco- 
nomical distribution and utilization voltages, the 
most economical sizes of load center unit substa- 
tions, and the like. 

Much fundamental engineering and economic 
material has been accumulated and will greatly re- 
duce detailed system comparisons required for each 
installation. 


Load Center System 

From the over-all standpoint, the load center dis- 
tribution system, Fig. 2, is least expensive and most 
advantageous for any industrial plant. This has been 
proven by many detailed economic studies and 
about twelve years of experience. It is about 20 per 
cent less expensive than the conventional types 
using large piecemeal types of substations. 

Besides being less expensive it has these other 
outstanding advantages: (a) reduced engineering 
and planning, (b) better voltage, hence more pro- 
duction because of better 
performance of lights, mo- 
tors, furnaces, etc., (c) 
simplified purchasing, (d) 


additional building block units to care for the load. 
This materially reduced the cost of expansion and 
simplified engineering and circuit arrangements. 


COMPARISON OF CIRCUIT ARRANGEMENTS 

When using the load center system, its flexibility 
affords various possible circuit arrangements to 
provide service reliability required for the process. 
While there have been many proposed and used, 
practically all plants use one of four arrangements: 
the radial, secondary selective, primary selective, 
or secondary network. Selection here affords a real 
opportunity for simplification and reduction of over- 
all system investment. 

With the advent of modern transformers, draw- 
out switchgear for load center substations, Fig. 1, 
and metal-clad switchgear for the high voltage cir- 
cuits, cables and busways, reliability of even the 
simplest systems is so high that there is little justi- 
fication for any duplication of circuits or equipment 
in the plant. For example, the failure rate of mod- 
ern pyranol transformers is one per 2500 yr per 
transformer and, according to the best records avail- 
able, that of primary cable circuits installed in dry 
locations about one per 100 mi per yr. Based on these 
operating records, a plant with five pyranol load 
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easier and faster installa- 
tion of electrical equip- 
ment, (e) greater flexibil- 
ity, (f) greater relibility, 
and (g) a higher order of 
safety. 

The load center system 
was a step towards simpli- 
fication. Each load area 
could be made independ- 
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ent of any other insofar as 
secondary inter-connec- 
tions were concerned. 
When expansion took 
place, one merely added 
more small unit substa- 





a 


A—)e 


substations 


kay Two single ended abs 





7 400 amp plug-in bus 











Unit sub 





-350 MCM 
| No.00~, x 
me ee cen is 
A—~5e Two 500 MCM 








y > 





tions. When load grew in 
an area, one merely added 


Fig. 3—Radial distribution sys- 


Hite $tttt 








750 kvo substations -//5% 
About $5/.00 per kva installed with 
1000 kva substations (/500 kva 
load) -131/% 
“Tie cable 





About $45.00 per kva installed with 





tems, along with secondary 
selective types, a minor modi- 
fication, provide reliability 
equal to more costly systems. 
Line diagrams at left and the 
corresponding floor plans at 
right in drawing show equip- 
ment on which the cost per in- 
stalled kva was calculated. Pri- 
mary switchgear is excluded 
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Fig. 4—The primary selective systems with switches, 
above, or power breakers, below, have disadvantages 
that limit their use to about 10 per cent of the in- 
dustrial plant installations of load center systems 
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Fig. 5—Only about 2 per cent of the industrial plants 
go to the expense of the secondary network system to 
obtain the slightly increased reliability, although its 
other advantages are sometimes worth considering. 
Costs are estimated on the same basis as in Fig. 3 





center unit substations and one mile of primary 
cable would expect only one outage in 100 yr due to 
failure in either of these parts. 


Radial Circuit Arrangement 

The simple radial circuit arrangement, at the top 
of Fig. 3, has the lowest cost of all, running 10 to 100 
per cent less than any other. It is simple, safe, easy 
to install and operate, easy for the average operator 
to comprehend, easy to expand or change. When 
high grade equipment is used and properly installed 
and maintained, service reliability is 99 per cent 
plus. This is the reason the simple radial and the 
secondary selective arrangements (a minor modi- 
fication) account for over 90 per cent of the indus- 
trial systems of the load center type installed and in 
service today. Here is a real opportunity for simpli- 
fication and reduction of cost without any undue 
sacrifice in basic service reliability. 


Secondary Selective Arrangement 

However, since each secondary bus in the simple 
radial arrangement is supplied by only one primary 
cable and one unit substation transformer, service 
would be lost until repairs could be made should a 
fault occur in a primary feeder or a transformer. 
Secondly, and far more important in the author’s 
opinion, routine tests and maintenance on the sys- 
tem require dropping some of the service while they 
are being made. This handicap can be overcome by 
the secondary selective arrangement, Fig. 3. 

The secondary selective arrangement is really two 
simple radial load center systems with a normally 
open tie circuit breaker between pairs of substa- 
tions. The usual approach is to design it as a radial 
load center system, placing the same loads on the 
transformers, and then add the secondary tie as an 
emergency or a maintenance tie. Since service reli- 
ability is so good, there is little need to provide extra 
or reserve transformer capacity. Here again cost can 
be reduced by eliminating reserve capacity beyond 
that required for normal load growth over a reason- 
able period of time. During normal operation, the 
system operates just like a radial arrangement and 
has all its simplicity, ease of expansion, flexibility 
and so on. 

In addition, however, should one primary feeder 
or transformer fail or have to be taken out of ser- 
vice for maintenance or testing, power can be main- 
tained at all secondary load buses in the plant by 
merely opening the main transformer breakers A 
in the de-energized secondary bus and closing tie 
breaker B, Fig. 3. During this time, essential loads 
can be kept running. Many operators, during emer- 
gencies, will overload the transformers materially 
to keep production flowing. Those overloads occur 
so infrequently that consequent loss of life in the 
transformer is not considered serious. 

This system costs only about 10 to 15 per cent 
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more than a simple radial load center system, but 
from 25 to 50 per cent less than more complicated 
methods of accomplishing the same results. It is 
used in about 25 to 35 per cent of the industrial in- 
stallations using load center systems. It is primarily 
employed in the larger industrial plants and is ideal- 
ly suited to continuous processes such as chemical, 
photographic film, paper, steel and a host of others. 


Primary Selective Arrangement 

Since two feeders are available, a switching means, 
Fig. 4, is necessary to select the desired line for con- 
nection to the substation. The switching function 
is different than in the preceding two systems in 
that there is also a transfer to be performed. If ade- 
quate power circuit breakers, lower diagram in Fig. 
4, are used in the primary circuit of the transformer 





for performing this transfer function, this arrange- 
ment is as safe as any other system. However, when 
power breakers are used, cost is greater than that 
of a secondary selective arrangement. 

From the maintenance standpoint, the primary 
selective arrangement using two breakers on the pri- 
mary does not allow taking out a transformer or a 
main secondary breaker for maintenance without 
dropping all load supplied by that bus. It does, how- 
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Fig. 7—Cost per kva of lighting load, noted below 
for each circuit, is greatly reduced by combining 
substations; and reduced still more with high voltage 
lighting. System B cost in percentage is about 75 
per cent of A, C about 57 per cent. With A using 
22 |b of copper per kva, B uses 13!/> and C uses || 
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Fig. 6—Within limitations, NEC allows more 
than one transformer per feeder without in- 
dividual overcurrent protection, permitting 
economies in the primary switchgear. The 
switches shown are for isolating purposes 
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Fig. 8—In addition to the savings in 440 v 
secondary systems, other opportunities in- 
clude well engineered applications for bus 
duct, above, open cables, far left, molded 
case breakers, right, and switch and fuse 
combinations. Connection cost savings of 
$12 per machine tool have been reported 
for bus duct. Armored cable, where conduit 
is otherwise necessary, may bring 50 per 
cent reductions in feeder costs. Molded 
case breakers are inexpensive but must be 
used within their limitations, while devel- 
opments in switch and fuse units extend 
their use in place of more costly equipment 





all advantage of the primary selective system is lost 
because both primary cables are terminated in the 
same switch compartment and should any mainte- 
nance be required there, both feeders must be de- 
energized to do that work safely. 

There is also a hazard added by use of the double 
throw switches. Should a transformer fail and the 
primary switch be moved from the de-energized 
feeder to one that is energized, it would be closed on 
a fault with possibly disastrous results. 

A slight improvement in maintenance qualities can 
be made by substituting two single throw switches 
for the double throw unit. However, this does not 
obviate the hazard of closing in on a fault in the 
transformer primary. The primary selective ar- 
rangement accounts for less than 10 per cent of the 
load center systems in industrial plants. 


Secondary Network Arrangement 


The secondary network arrangement, Fig. 5, dif- 
fers from the systems previously described in that 
all transformer secondaries are normally operated 
in parallel. A network protector or the equivalent, 
instead of a plain air circuit breaker, is required in 
the secondary of each transformer. There is slightly 
greater service reliability because a primary feeder 
or transformer fault is relayed off automatically. 

Amount of transformer capacity required in the 
plant system can sometimes be reduced. However, 
the reduction is made at a great increase in cost of 
switchgear for the substation. Since each trans- 
former can now contribute to a fault anywhere in 
the system, the secondary switchgear must have a 
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much higher interrupting rating. Most operators 
feel the slightly added service reliability obtained is 
not worth the greater cost and complication. This 
system costs approximately twice as much as the 
straight radial type and as much as 25 to 90 per cent 
more than an equivalent secondary selective sys- 
tem. Only a very small percentage, probably less 
than 2 per cent, of the systems in operation are of 
the network type. 

One advantage of the secondary network system 
that can sometimes be utilized is that load can be 
transferred around the loop to various points. When 
very large loads are apt to be imposed at different 
points and different times, as on a ship pier, the net- 
work arrangement may be more economical than 
the radial system because it obviates the greatly in- 
creased transformer capacity needed for a very large 
load that may be imposed at any point. However, 
normal day-to-day shifting load in a factory can, as 
experience has so well proved, be taken care of by a 
radial load center system with a capacity of 10 to 
15 va per sq ft of floor area. 


PROTECTION OF LOAD CENTER UNITS 


Another simplification has been made in the load 
center system in accordance with paragraph 4512B 
of the National Electrical Code. In this case, Fig. 6, 
several transformers may be connected to one pri- 
mary feeder without individual overcurrent protec- 
tion ahead of each transformer. A disconnecting 
switch is shown, but is for isolating purposes only. 
The NEC rule requires that the primary feeder 
breaker be set to trip at not more than six times the 
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rating of the smallest transformer connected to the 
feeder. Sometimes as many as six transformers can 
be connected to one primary feeder. 


HIGH VOLTAGE LIGHTING 


Traditionally the lighting load of an industrial 
plant has been supplied at 120 v. But when fluores- 
cent or mercury vapor lamps are used as the major 
light source, higher voltages may bring substantial 
economies with no sacrifices in performance or main- 
tenance. Consider three systems shown in Fig. 7. 


System A 
Because of the 120 v limitation imposed by incan- 


descent lamps, the 208Y/120 v system has been com- 
monly used for lighting circuits. However, most in- 
dustrial plants have long recognized the benefits of 
higher voltages for motors and 480 v is a common 
power load voltage. Thus System A, Fig. 7, includes 
a 208Y/120 v, 3 phase, 4 wire system for lighting and 
a 480 v power system. There are two substations. 


System B 
One alternative is a combined light and power sys- 


tem having the advantage of the same substation for 
supplying both the power and lights instead of two 
smaller units. It includes a 480 v substation and 
small step-down transformers, located throughout 
the plant, for supplying the lighting load at 120 v. 


System C 
The third system goes a step further and uses a 


higher voltage for the fluorescent and mercury 
vapor lamp ballasts. The same substation supplies 
light and power to the plant using a 480Y/277 v, 3 
phase system. The power load is supplied from the 
line-to-line, 480 v, 3 phase, 3 wire connection. The 
lighting load is distributed on a 3 phase, 4 wire sys- 
tem and the fluorescent and mercury vapor lamp 
ballasts are connected line to neutral at 277 v. 

With 277 v on the lighting circuit, slightly different 
equipment must be used. Instead of panelboards, 3 
pole, size 1 combination motor starters (with cur- 
rent limiting fuses but with overload elements re- 
moved) are used to control lighting, with three 
branch circuits for each motor starter. Since such 
circuits are limited to about 20 amp, lighting load 
per starter is limited to about 14 kva instead of the 
25 kva on each panelboard in Systems A and B. 

System C is the simplest and least expensive, Fig. 
7. Savings of the combined light and power system 
will justify its selection wherever total 120 v load is 
50 per cent or less of the total 480 or 600 v load. 


SECONDARY DISTRIBUTION SYSTEM 


The secondary distribution or utilization system 
offers one of the most fertile fields for cost savings 
by proper selection of equipment, Fig. 8. 

Secondary feeders that carry the power from the 
substation to the load areas, distribution bus or 
panelboards are often installed as cable in conduit. 
By using armored cable, for example, instead of 
cable in conduit, savings as high as 50 per cent are 
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possible. A 250 MCM interlocked armor cable will 
safely carry as much current as one 500 MCM, 3 
conductor cable circuit insulated with 50 per cent 
code rubber and installed in conduit. 

Going still further into the secondary system, in 
areas where there are many machine tools that are 
apt to be moved to meet production line changes and 
the like, the plug-in busway has lowered over-all 
cost greatly. It is one of the most outstanding devel- 
opments for improving flexibility and simplicity of 
the power system to permit quick, low cost changes 
of machine tools from one location to another insofar 
as electrical connections are concerned. 

One manufacturer reported reducing electrical 
connection cost from $16.00 to $4.00 per machine tool 
by the adoption of plug-in bus instead of the old 
permanent wiring method. 

In some cases, engineers prefer complete bus sys- 
tems, and the bus may be used as feeders from the 
unit substations as well as for the plug-in part of the 
secondary system. 

One of the bothersome problems in secondary 
system design has been to obtain adequate short- 
circuit protection economically and simply. Reports 
of one state which keeps a complete record of all 
electrical accidents show that in one year there 
were over 85 cases of personal injury due to the 
failure of inadequate short-circuit protected devices 
in secondary systems, and this is not a highly indus- 
trialized state. Unfortunately, all too few reports of 
accidents are made, but they do happen. 

Two recent developments in short-circuit protect- 
ing devices have led to a clarification of the applica- 
tions which enable the engineer to better apply them 
safely and economically. 

The first is a series of tests made on molded case 
breakers for cascade operation. It was found that 
these breakers were not satisfactory for application 
in cascade (allowing lower interrupting rating in 
branch circuits) and that for safety they must be 
used within their interrupting rating regardless of 
the back up equipment. 

The second development is an enclosed switch 
and current limiting fuse combination for 600 v and 
less which has a real a-c interrupting rating applied 
to it. For example, one combination has an estab- 
lished interrupting rating of 100,000 amp when the 
switch is in the closed position. It is also tested by 
having the switch in the open position and closing it 
on a short circuit with an available current of 100,000 
amp. This performance is due to special design of 
the switch and to the current limiting action of the 
silver-sand fuses. | 

The foregoing are but a few of the modern devel- 
opments which enable the power system designer to 
make simpler, lower cost, better power systems for 
the modern industrial plant. These developments 
are particularly important in view of the ever in- 
creasing role of electricity in modern processes. 
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As a project engineer, ARTHUR H. 
KULJIAN, Vice-President in Charge 
of Engineering, The Kuljian Corp., 
has had wide experience in the de- 
sign and engineering of power sta- 
tions and industrial plants in this 
country and abroad. Mr. Kuljian is 
a graduate of Massachusetts Insti- 
tute of Technology. 


Project Planning 
on a 


Turn-Key Basis 


HRAND H. LEVONIAN, Chief 
Project Engineer, The Kuljian Corp., 
has had twenty-two years of experi- 
ence in the design and engineering 
of industrial and utility plants. He 
is well known for his engineering 
work connected with construction 
of numerous chemical, petroleum 
and steam electric power plants. 








Proper planning enables the engineering firm to provide the 
client with a modern, efficiently designed plant at a minimum 
investment. The Higgins generating station of Florida Power 
Corp. is one of the many projects supervised by Mr. Kuljian 
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Chart shows typical organization required to plan and follow through 
a turn-key project from site selection to satisfactory operation 


S uccess of a project, regardless of size, requires 
that a proper organization be set up to plan and 
follow through from site selection to satisfactory 
operation. Presented here is a brief summary of a 
project, from stages of conception to turning over 
an efficiently operating plant to the client. 

Birth of the project starts with the client’s con- 
ception, arising from immediate or future require- 
ments. After the idea takes preliminary shape, it 
becomes necessary to call upon consultants to make 
an economical study and analysis to be presented to 
the client’s Board of Directors for proper considera- 
tion and action. 


Preliminary Study 


Requirements of the client are investigated, and 
after verification and study, selection of the most 
satisfactory site is undertaken. Consideration must 
be given to: cost of fuel supply; cost of power trans- 
mission; transportation facilities; site adaptation; 
labor facilities; property and taxes; plant expansion; 
and location in coordination with other plants. 

Several detailed layouts and schemes must be 
made to arrive at the most economical and satis- 
factory arrangement of the plant equipment and 
building. A detailed cost estimate is then prepared 
for the entire project. An overall preliminary time 
schedule should be presented with the study, indi- 
cating length of time required for engineering, con- 
struction and placing the plant under commercial 
operation. This study is then reviewed by the 
client’s Board of Directors and a decision is made. 


Site Information 

Site information must next be firmly established 
for proper engineering with regard to: (a) soil 
conditions (type, allowable loading and grade), (b) 
ground water elevations, (c) river water elevations, 
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(d) elevation above sea level, (e) drainage and 
disposal conditions, (f) transportation conditions 
(freight and passenger), (g) government codes 
(building and safety), (h) labor conditions, (i) 
atmospheric conditions (temperatures, rainfall, hu- 
midity, wind velocities and earthquakes), and (j) 
available utilities (electricity, water, fuel and air). 


Project Overall Schedule 


Upon receiving the site information, the engineer- 
ing firm appoints a project engineer who will be re- 
sponsible for the coordination of the entire project. 
A detailed project overall schedule is then prepared 
to indicate the time required for: engineering; pro- 
curement, delivery, erection and installation of 
equipment and material; and trial plant operation. 


Project Design 


Preparation of mechanical, electrical, and chemi- 
cal flow diagrams then begin. These are followed 
through with detailed specifications on each item 
of equipment and material shown. General layout 
and arrangement of all principal equipment, includ- 
ing outside facilities, is then made to develop final 
detailed engineering plans—architecturally, struc- 
turally, electrically, mechanically and chemically. 


Procurement 


The purchasing department then submits the plans 
and specifications for various items of equipment 
and material to manufacturers and vendors for bids. 
These will be evaluated through the joint effort 
of the purchasing and engineering departments. 
Specific recommendations are then made to the 
client for approval of the proposed purchases. Once 
an order is placed, it is the purchasing department’s 
job to: obtain allocations and priority ratings, if 
required; issue procurement and expediting reports; 
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On-the-job photographs pro- 
vide a visual record of con- 
struction. In the example at 
right, progress can be seen 
on the following: 


|. Cribbing of the turbo- 


generator 
2. Boiler erection 


3. Erection of the building 
walls 


4. Pouring of concrete slabs 


5. Erection of the stack 


expedite equipment drawings; expedite shop pro- 
duction; inspect equipment fabrication; witness 
tests; route shipments; trace shipments in transit; and 
audit invoices and freight bills. In addition, on 
overseas projects, the purchasing department must 
obtain necessary licensing and warehousing, boxing, 
export forwarding, and procure equipment and ma- 
terials in “soft currency” countries. The purchasing 
department sees that all of the above is done in 
compliance with the overall project schedule. 


Cost Accounting 


The engineering firm sets up a system of cost 
accounting which will be in accordance with the 
client’s required form. These records will indicate 
all monthly project costs, cumulative costs, com- 
mitments, and all financial information pertinent to 
the entire project. 


Construction 


In addition to the progress overall schedule, the 
construction phase of the project is coordinated by 
maintaining strict records of the following: 

1. Daily field reports (number and hours for 
people working, type of work done, weather, 
daily occurrences, material and equipment de- 
livered) . 

2. Weekly and monthly detailed working sched- 
ules. 

3. Progress photographs. 

4. Weekly and monthly itemized “percentage- 
construction-completed” charts and reports. 

5. Weekly and monthly cost reports. 

6. Inspection and test reports. 
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7. Graphic speed and cost charts indicating the 
progress-to-date percentage plotted against the 
cost expenditure-to-date. 

Completion time for construction is mainly de- 
termined by: extent of detail to which engineering 
drawings have been made, taking into consideration 
the problems to be encountered at the plant site; 
adherence to delivery of equipment and material in 
accordance with the overall project schedule; un- 
foreseen or unavoidable natural disturbances such 
as storms, strikes, labor difficulties and floods; and 
coordination and full cooperation of the subcon- 
tracting forces with the prime contractor and the 
engineering firm. 


Operation 


Prior to the start of operation, the supervisors for 
the principal equipment manufacturers should great- 
ly eliminate operating difficulties and also endorse 
the guarantees for their respective equipment. Un- 
der supervision of the engineering and construction 
firm, as well as the manufacturers’ supervisors, all 
minor adjustments and changes should be made 
during the trial operation. During this period, the 
engineering and construction firm will turn over to 
the client all instructions for operation and testing 
of principal equipment together with such operating 
data as equipment log sheets, maintenance charts 
and unit shutdown schedules. 

Upon successful operation of the plant for a pre- 
determined length of time, the engineering and 
construction firm will “turn the keys” over to the 
client, having given him a plant of modern and effi- 
cient design with the minimum investment to fulfill 
the project requirements. 
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, rr of personnel, equipment and many 
highly diversified functions were the ingredients of 
a layout problem for an eight story office building 
recently encountered by The Trundle Engineering 
Company. 

What made the job so different from any other 
tackled in the long history of the company is that 
the eight floors of the Community Service Building 
are occupied by the Cleveland Welfare Federation 
and 11 autonomous agencies associated with it. 

The Federation, a voluntary association of 122 
health, welfare and recreation agencies, provides 
centralized service to these outside organizations, 
budget planning for the Community Chest and com- 
munity planning. It also supplies a list of 29 dif- 
ferent services to the individual agencies. 

Because of expansion in the work of the agencies 
housed in the building, the Federation had consid- 
ered adding another floor to the structure. Esti- 
mates for this construction work ran to $60,000. 
Charitable institutions, however, must move slowly 
when faced with building expenditures of that kind. 
Unlike a private institution, the Federation cannot 
earmark a large sum of money for capital expendi- 
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The 
Hidden Floor 


LOUIS G. GOETZ, Vice President 
The Trundle Engineering Company 


ture. Its funds are derived from the annual Com- 
munity Chest drive together with whatever other 
donations that may be made to it during the year. 

As he has so often in the past, George T. 
Trundle, Jr., president of The Trundle Engineering 
Co., volunteered the company’s services to do a 
layout job that would gain the needed space without 
diverting hard-to-get funds from welfare services to 
building costs. The offer was gratefully accepted 
by the Federation and the Trundle engineers went 
to work on the project. 

The engineers bore in mind that a large sum of 
money was not readily available for construction 
costs. Floor layouts were therefore redesigned to 
avoid changes in masonry walls or sanitary facili- 
ties which would violate the fire and sanitary codes 
or require a large capital cost. 

They discovered a lack of any related work flow 
which could be measured in so many units, such as 
is found in manufacturing plants. The strict pro- 
cedure of work flow found in the offices of commer- 
cial and industrial companies also was lacking. An 
approach different from the flow charts usually used 
as a basis for such layouts was therefore required. 
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Combined Functions 


In the welter of the varying groups and the di- 
versity of the organizations, the engineers sought 
commonness of purpose so that a single facility of 
space or equipment might function for two or more 
groups. They secured these common denominators 
by making inventories of the personnel, functions 
and equipment. Because each agency is autono- 
mous and its field differs from that of any other 
agency, it became a case of finding functions that 
could be associated, even though they could not be 
integrated. With this principle of combined func- 
tions, a common reception room could be planned 
for one or more agencies even though the number 
of employees and their work may vary greatly. 

When the inventories of people, space and equip- 
ment were completed, it was obvious that the 
Cleveland Welfare Federation and the 11 agencies 
had all the ills, deficiencies and lack of proper equip- 
ment often found in small service organizations 
operating on publicly raised funds. 

With the inventories as a guide, and bearing in 
mind the financial limitations and agency autonomy, 
the engineers started from scratch to create, as 
nearly as possible within the limitations, an ideal 
layout. This took care of the physical facilities. 

But they were confronted with still another prob- 
lem—the human factor. During initial steps of the 
study, the personnel were well aware that the work 
was being done for creation of new quarters. All 
but one of the 11 agencies occupying the building 
believed that they should be granted more space in 
the new layout. Many agency heads wanted larger 
offices, and lesser officials wanted private offices. 

Although the engineers did not completely ignore 
this human factor, it was given minor importance in 
final decisions. The surveys, for example, revealed 
that one agency had too much space for its typists 
while another had too little. Similar faults were 
found in space allotted for clerical help, filing help, 
interviewers and other office functions. 


Standardization of Working Space 


Before attempting a detailed layout of office 
areas, a program was established for standardizing 
the working space for each of the various functions 
found to be common to each agency. Specialized 
working spaces peculiar to many functions also 
were calculated. On this basis, each agency was 
allotted space directly proportionate to its need 
plus a reserve allowance for the expected expansion 
of services during the next few years. 

The additional space that the engineers sought 
came from a number of sources. 

1. Measurements of floor space revealed that al- 
most 10 per cent of usable working area was lost be- 
cause of a multitude of non-masonary type partitions. 

2. Several agencies had “dictating rooms” used 
only when officials wanted to dictate in privacy. 
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3. Most of the “interview rooms” were not used 
during many hours of the working day. 

4. Inside corridors could be utilized as office 
space with the elimination of many small offices into 
which floor areas had been cut, and which opened 
into these corridors. 

5. The allocation of space where it could serve a 
common function for two or more agencies. 

The inventories and the newly discovered usable 
space were correlated and a preliminary layout was 
made. It was then that the space-saving revelations 
came to light. 

The principle of unification of common facilities 
to serve a multi-agency purpose was revealed in 
larger reception rooms. Private office cubby holes 
were eliminated and larger, well-lighted offices re- 
sulted. A centralized mimeographing department 
was established to serve all the agencies, so that 
each individual agency did not require space for 
that particular function. The interview rooms were 
designed and placed so that they would be used 
continuously during the working day by 16 persons, 
rather than each being used only half the day by 
eight or fewer interviewers. 

As the new space began to come to light, general 
meeting rooms were decreased in number and re- 
designed for increased area. Much needed library 
and storage space became available, easing the con- 
gested situation common to most of the agencies be- 
cause of the unorganized systems of filing materials, 
directives, books and pamphlets. Nurseries and 
play rooms also were combined to function on a 
multi-agency basis, rather than each agency having 
its own. It was here that the Trundle engineers 
found themselves busy with templets of hobby 
horses, junior rocking chairs and doll houses, in- 
stead of turret lathes, boring mills or IBM machines. 


The New Floor 


When the gains were totaled, it was found that 
the new layout saved the equivalent of an entire 
floor, thus solving the Federation’s space problem. 

Cost of the demolition and reconstruction to 
bring the new floor plans into being is estimated at 
$7500, considerably less than the figure to build a 
new floor. Also under the new plans, four addi- 
tional agencies now paying $7300 annual rent in 
other office buildings, will be brought into the 
building. A small branch office of the Federation 
proper also will be incorporated into the new, 
larger quarters for this central agency. 

Savings on outside rentals alone will liquidate the 
cost of accomplishing the new layout at the end of 
the first year. These savings can then be diverted 
to increased services of the four new agencies in- 
corporated into the Federation building. 

Every cubic inch of space is a miracle, stated Walt 
Whitman. It is also a miracle how much of it we 
can waste. 
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Sargent & Lundy and AG&ESC to Design 
World’s Largest Steam-Electric Plants 


Plans for the world’s two largest steam-electric gen- 
erating plants have progressed rapidly since October 15, 
when the recently formed Ohio Valley Electric Corp. 
signed contracts to supply all electrical power required 
for the Atomic Energy Commission’s new Ohio Valley 
uranium-235 plant. Since many engineers have ex- 
pressed an interest in this project, a brief history of 
OVEC, together with the latest available information on 
the project, is presented. 

On January 23, 1952, the AEC informed representa- 
tives of several electric power companies about the pro- 
posed diffusion center to be located in the Ohio River 
valley area, and indicated that 1.8 million kw of power 
would be needed. Representatives of 15 electric utilities 
immediately began examining sites for possible plant 
locations. On May 12, the 15-company group submitted 
a proposal to supply the power requirement of AEC. 

On October 1, the Ohio Valley Electric Corp. and a 
subsidiary, the Kentucky-Indiana Electric Corp., were 
formed. Member companies are as follows: 

Appalachian Electric Power Co. 

The Cincinnati Gas & Electric Co. 

Columbus and Southern Ohio Electric Co. 

The Dayton Power & Light Co. 

Indiana & Michigan Electric Co. 

Kentucky Utilities Co. 

Louisville Gas & Electric Co. 

Monongahela Power Co. 

Ohio Edison Co. 

The Ohio Power Co. 

Pennsylvania Power Co. 

The Potomac Edison Co. 

Southern Indiana Gas and Electric Co. 

The Toledo Edison Co. 

West Penn Power Co. 

Appalachian, Ohio Power and Indiana & Michigan are 
subsidiary companies of American Gas & Electric Co., 
while West Penn Power, Monongahela and Potomac Edi- 
son are subsidiaries of The West Penn Electric Co. and 
Pennsylvania Power is a subsidiary of Ohio Edison. 

Officers were elected and an executive committee was 
named on October 9. Philip Sporn, pioneering engineer 
in the generating and transmission field and president of 
American Gas & Electric Co., was named president 
of OVEC. Ernest Fields, vice president of The Cincinnati 
Gas & Electric Co. and H. A. Kammer, vice president of 
American Gas & Electric Service Corp., were elected 
vice presidents. E. W. Wilkinson, assistant treasurer of 
The West Penn Electric Co., was made secretary and 
treasurer. Officers of Kentucky-Indiana Electric Corp. 
are the same, except that G. R. Armstrong, executive 
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Briefs of current interest to the consulting profession 


plus notes on new equipment in the field of engineering 


vice president of Louisville Gas & Electric Co., is a vice 
president in place of Mr. Fields. 

On October 15, two months after AEC had selected a 
site for its project near Waverly, Pike County, Ohio, an 
agreement with OVEC was signed to supply 1.8 million 
kw to the new atomic plant, upon completion of two 
generating stations. The agreement covers a 25-year 
period with extensions available for the Commission. It 
provides for a two-year notice of cancellation of power 
demand in case electric energy requirements of the AEC 
decrease or cease before termination of the agreement. 
If notice is given during the first 10 years after full 
operation of the plants, AEC will be required to pay 
certain cancellation costs, the amount of which would 
decrease each year. AEC also has the right to cancel 
prior to full-scale operation. 

Power costs to AEC will be based on fixed charges 
and costs of the power generating facilities, operating 





Philip Sporn, president of the newly formed Ohio Valley 
Electric Corp., signs a 25-year agreement to supply AEC's 
new billion-dollar Ohio atomic center with 1.8 million kw. 
Looking on is R. W. Cook, director of production for AEC 


expense and fuel. At approximately 3.8 mills per kwh, 
annual cost is estimated to be about $60 million annually. 

Present estimated cost for both plants plus trans- 
mission facilities is $400 million. Financing has been 
arranged for a maximum amount of $440 million, accord- 
ing to Mr. Sporn. Of this total, $310 million will be 
secured from the sale of first mortgage bonds to institu- 
tional investors, principally insurance companies; $60 


(Continued on page 58) 
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walk inside this control panelboard 
..- prefabricated by PANELLIT 


You will find many new and unique features of engineering 
and construction in recently installed power station control 
systems... built by PANELLIT. 

On every installation, excellence in fabrication and 
finish on the panel front is only exceeded by the ingenious 
behind-the-panel engineering for which PANELLIT is well- 
known. This engineering foresight assures the long-term 
serviceability of your entire control. © ‘em. It will be rec- 
ognized and appreciated for years tu come by those re- 
sponsible for maintenance and service. 

PANELLIT maintains a separate Power Division with 
engineers specifically experienced in the design and instal- 
lation of controls for the Power Industry. And, since 
PANELLIT is not an instrument manufacturer, it can be 
completely unbiased with respect to engineering assistance 
as well as the selection of controls for each phase of 
your system. 


Copyright 1952—Ponellit, Inc. 
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BRIEF FACTS 
ABOUT THIS INSTALLATION 


Installation shown is the Central Control Room gt the 
Edge Moor Station of the Delaware Power and Light 
Company, engineered and installed by United Engineers 
and Constructors, Inc., Philadelphia, Pa. 

Prefabricated entirely by Panellit, Inc., the four-wall 
control panel forms the control room. An inner wall is the 
control panel front on which the instruments are mounted; 
the insulated outer wall serves as the outside wall of the 
control room and holds all contactors and electronic 
equipment associated with the combustion control. 


LITERATURE WILL BE SENT UPON REQUEST. 


PANELLIT, INC, cove ottees: 6212 North Broadway 
’ “ Chicago 40, Illinois 
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‘ oe to Tell 
Quality in Power 


entilators 











Pat. 2188741 2526290 


1. Rugged Construction 
2. Certified Ratings 
3. Scroll Effect 


4. Safe Moisture and Fume Removal 


Before you buy any power ventilating equipment — 
compare the Gallaher Air-Van.® 
Pound for pound Air-Vans have the heaviest construction of any comparable unit. 
Air-Vans are shipped with or without bases completely assembled, ready to install. 


Gallaher performance rating are the result of independent laboratory tests. They 
are not interpolations which research has shown can be grossly inaccurate. 


Air-Vans are designed with scroll effect built-in. Tests show that efficiency 
against even normal static pressures is impossible without this feature. 


Motor out of air stream and a patented positive air seal off prevents fume pas- 
sage into motor housing. Air-Vans have been specified WITHOUT special 
motors for ether and air concentrations. 


Capacities 150-11,000 CFM 
Static Pressures to 13/44" 












THE GALLAHER 
4108 Dodge St. 
Omaha, Nebraska 


NAME 


CO. Please send me full catalog information 
about Gallaher Power Ventilators. 








ADDRESS 





CITY STATE 


The GALLAHER Company 


lO Teh elalal> Ml. allala’ 














World’s Largest Steam-Electric Plants 
—Starts on page 56 


million from the sale of unsecured debt to banking in- 
stitutions; and $20 million from the sale of common 
stocks to member companies. 

Larger of the two generating stations will be Clifty 
Creek Plant, located at Madison, Ind. It will have a 
capacity of 1.2 million kw, and will be constructed at a 
cost of $175 million. Ground breaking ceremonies for 
this plant took place December 5, with Governor Henry 
F. Schricker of Indiana taking part in the activities. 

Kyger Creek Plant, with a capacity of 1 million kw, 
will be built at Cheshire, Ohio, near Gallipolis. Cost of 
this plant is estimated at $145 million. Ground breaking 
ceremonies, attended by Governor Frank J. Lausche, 
took place December 4. 

Balance of capacity over the 1.8 million kw contracted 
for by AEC is considered necessary for attendant losses 
of power in transmission and for reserve capacity gen- 
erally considered adequate for regular maintenance and 
overhaul. During abnormal emergencies the capacity 
will be further supplemented by about 200,000 kw 
from the sponsoring companies. 

In size and expenditure this undertaking is the largest 
power-supply contract ever written by a private power 
supplier financed with private capital. 
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Power requirements for the AEC were divided be- 
tween two plants for a number of reasons, according to 
Mr. Sporn. (1) For security, the power source was de- 
centralized in event of war or disaster of nature, such 
as major flood or fire. (2) By constructing two plants 
simultaneously, earlier completion of each individual 
unit could be accomplished, as well as the entire capacity 
of all 11 units. (3) Two plants, widely separated, enable 
tapping of several major coal fields rather than only one. 
(4) New transmission lines to connect the two power 
plants and the AEC project will be completed faster than 
the power plants themselves. Thus, by tying these new 
lines into existing facilities of the participating utilities, 
they can be utilized for interim power as well as for 
permanent power — with no duplication. 

Construction and operation of the Clifty Creek Plant, 
Madison, Ind., will be handled by Indiana-Kentucky 
Electric Corp. The Kyger Creek Plant will be built and 
operated by OVEC. The transmission network will be 
owned, operated and maintained in part by OVEC and 
in part by Indiana-Kentucky. 
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Take the most efficient method for con- 
verting a-c to d-c—by mechanical switch- 
ing. Then design equipment to get the 
highest efficiency obtainable with 
this method. The result is almost 
ideal rectification. 


That’s precisely what I-T-E engineers 
have done to bring you the most advanced, 
efficient, dependable means for convert- 
ing a-c to d-c in the world today—the 
1-T-E Mechanical Rectifier. 


SOLID SILVER CONTACTS 





























—held closed by powerful spring, give highest conduc- 
tivity between a-c and d-c networks. 6 pairs of con- 
tacts make up basic contact system—one positive and 
one negative for each phase of 3-phasea-c supply. 


96%—and higher—from a-c line to d-c bus 


The record of 33 outstanding installa- 
tions to date—120,000 amperes of con- 
nected load—speaks for itself ! 


Here’s why... 


Here are the two fundamental reasons 
why these I-T-E Mechanical Rectifier 
users are getting 96 kw (and more) of 
direct current for every 100 kw of alter- 
nating current they buy: 


SPARKLESS LOW-LOSS COMMUTATION 





A Permeron* saturable-core reactor—between a-c 
supply and contact mechanism—provides a brief 
period during which current in a contact is zero! Time 
sufficient for sparkless contact opening is gained. 


*].T-E’s special saturable core material. Typical 
Permeron magnetization curve is shown above. 


From a-c line to d-c bus, equipment is designed 
to hold all losses to a minimum. The I-T-E 
Mechanical Rectifier serves with 96% effi- 
ciency and higher—in the voltage range 


between 50 v. and 400 v.—Oon continuous 
heavy-current processes. As a result, you can 
count on big savings—get more d-c from the 
power you buy. 




















GET THE COMPLETE STORY— 


Bulletin 5106—covers simple theory, space requirements, and standard arrangements. 
Bulletin 5204—gives details of I-T-E’s special magnetic core material, “Permeron.” 
Bulletin 5205—deals with engineering aspects of I-T-E Mechanical Rectifier efficiency. 
Send for your copies, without obligation, today! 


MECHANICAL RECTIFIERS 











World’s Largest Steam-Electric Plants 


—Starts on page 56 


Engineering and design of the two plants will be car- 
ried out by American Gas & Electric Service Corp. and 
Sargent & Lundy. While the planning of the two groups 
will be closely coordinated in all principal design features 
of the project as a whole, AG&ESC will carry out the 
principal design work on the Clifty Creek Plant while 
Sargent & Lundy will perform the corresponding work 
on the Kyger Creek Plant. The Service Corp. is a sub- 
sidiary of AG&E, and performs engineering and manage- 
ment services at cost to the AG&E operating subsidi- 
aries. Work on this project will be on the same basis. 

Ebasco Services, Inc., which has acted as general con- 
sultant from almost the beginning of plans for supplying 
the AEC power requirements, will continue to act as 
general consultant on some phases of the work. 

Clifty Creek Plant will consist of six turbo-generating 
units of 200,000 kw each, while Kyger Creek Plant will 
have five units, also 200,000 kw each. The units will be 
cross-compounded type, each operating off a single steam 
generator. Steam entering the high-pressure side will 
be super-heated to 1050 F, then reheated to the same 
temperature before entering the low-pressure side. 
Pressure of steam entering the high-pressure side will 
be 2000 psi. 

The Babcock & Wilcox Co. has been awarded a con- 
tract to build the eleven steam generating units to be 
installed in the two plants. General Electric Co. has 
received an order for seven of the turbo-generating 


units, and Westinghouse Electric Corp. has been selected 
to build the remaining four units. 

Operation of the first unit at Clifty Creek Plant is 
scheduled for January 1, 1955. A staggered schedule of 
completion dates will bring the other units at the two 
plants on the lines at intervals up to June, 1956. 

Electric power generated at the two plants will be 
delivered to the AEC project at 330 kv, equalling the 
highest voltage now planned anywhere in the United 
States. Four 330 kv double-circuits will be built to the 
project, two from each power station. First of the 
double-circuits is due for completion August 1, 1954, and 
the last by August 1, 1955. 

In addition to the direct super-high-voltage lines, 
the supply of electric energy will be “backed up” by the 
existing integrated high-voltage transmission systems 
of the 15 sponsor companies. Each company is directly 
or indirectly interconnected with every other company 
in the group, and all of them operate in parallel with 
other systems which together make up the largest inter- 
connected transmission network in the nation. 

Construction power and power for operation of the 
atomic center will be required before the new generat- 
ing facilities can be completed. For this interim power, 
OVEC has contracted to supply up to 465,000 kw from 
existing systems of the member companies. To this end, 
The Ohio Power Co. has rushed to completion a 132 kv 
line from a “tap” near Lucasville, Ohio, to the atomic 
plant site. A second line is being constructed from 
Waverly, Ohio, by Columbus & Southern Ohio Electric 
Co. Later, as the quantities of interim power increase, 
permanent transmission facilities will be completed and 
tied in with the sponsor companies’ systems. 
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Excavation contracts for the two plants are as follows: 
Green Construction Co., Oaktown, Ind., has been award- 
ed a contract by Indiana-Kentucky for removal of 2.9 
million cu yd of dirt at the Clifty Creek Plant site; 
George B. Herring & Son, Inc., of Mansfield, Ohio, has 
been awarded a similar contract, by OVEC, for removal 
of 2.4 million cu yd of dirt at Kyger Creek Plant site. 

Five major coal companies in the Midwest will share 
the coal supply contracts. Three companies will supply 
Clifty Creek Plant: Ayrshire Collieries, Indianapolis, 
and Sinclair Coal Co., Kansas City, each 1,780,000 ton 
per year; and Green Coal Co., Owensboro, Ky., 395,000 
ton per year. Kyger Creek Plant will be supplied by: 
North American Coal Co., Cleveland, and Pittsburgh 
Consolidated Coal Co., Pittsburgh, each 1,550,000 ton 
per year. 

Coal contracts are for 15 years, with delivery to start 
in October, 1954. Total contracted tonnage of 7,055,000 
will cost an estimated $25 million a year plus transpor- 
tation charges of approximately $4 million. All coal will 
be delivered by barge via the Ohio River. It will come 
from mines in southern Indiana and western Kentucky 
for Clifty Creek Plant, and from primarily Ohio mines 
and possibly some West Virginia mines for the Kyger 
Creek Plant. Total coal supply for both plants combined 
will be divided evenly between deep and strip mine coal. 

Reservoirs scooped out of the ground, to serve as 
coal storage areas, will be among the country’s largest. 
They will be developed to hold up to 3 million ton of coal. 

When in full operation, the two power stations are 
expected to provide the AEC project with a total of 
15 billion kwh annually. The enormity of this project is 
more fully realized when this figure is compared to 22% 
billion kwh —the total electric power consumption of 
the highly industrialized state of Ohio in the year 1951. 
Total installed capacity of these two plants will comprise 
nearly 2 per cent of total capacity in the United States. 

In referring to the project, Mr. Sporn stated, “Al- 
though the task ahead is a big one, the 15 sponsoring 
companies of the Ohio Valley Electric Corp. have a 
wealth of experience in design, construction and opera- 
tion of large-scale power systems. We welcome the op- 
portunity to demonstrate our ability to provide the larg- 
est block of pcwer ever supplied in this country.” 


Tilt-Up Design Is Employed 
In Construction of Tuna Cannery 


Representing the success of modern architecture when 
engineered for efficiency, the new Star-Kist Tuna plant 
at Terminal Island, Calif., is described as the world’s 
largest and most modern. Built by French Sardine Co., 
it has been designed to fit the ever changing needs of 
this large and progressive tuna canning company. 

Incorporated in this plant, a one-story building cover- 
ing 200,000 sq ft of floor space, is a sectional type con- 
struction of tilt-up design and poured pilasters. This is 
said to add to continuity and similarity of structure 
throughout the entire building. 

To provide a building which would be the most func- 
tional for the owners, the consultant engineers, M. A. 
Nishkian and Co., started with a survey of several 
locations. Special consideration was given to the follow- 
ing factors: space for pier facilities with ease of access 
and docking; available area to provide straight line 
production for efficiency; and proximity of site in rela- 
tion to the industry as a whole. 


(Continued on page 90) 
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BOILER PLANT 


ECONOMICS 














Money can be saved or needlessly 
squandered in handling coal and 
ashes in industrial boiler plants. 


Fairmont Coal Bureau engineers have made a study of available 
systems for efficient coal and ash handling. Allowable capital 
investment to minimize labor costs is controlled by annual coal 
consumption. If your coal and ash handling costs are excessive, 
ask for Reference Bulletin No. 14. 


Modern steam generators and burning equipment must be de- 
signed for complete fuel flexibility to assure maximum return on 
your fuel dollar. Fuel flexibility calls for design based on the 
following tolerance values: 


Maximum Moisture ................ 10% 
Maximum Volatile ................ 38% 
RII IN, «6.6. 4:6.:0:0.5.0.0.5.0:6.00 086-0 40-0 12% 
Maximum Sulphur ............--+e05 3.5% 
nar 12,000 
Minimum Grindability (Hardgrove) .. 50 


Minimum Ash-Softening (Temperature) 2000°F 


If you are contemplating a new 
steam generating unit, it will pay 
you to call on Fairmont Coal 
Bureau engineers for assist- 
ance, without obligation. 











Ask for our Reference 
Bulletins. 
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MAIL COUPON TODAY! 


FAIRMONT COAL BUREAU 
Chanin Bidg., 122 E. 42nd St., New York 17, N. Y. 


Kindly place me on your mailing list to receive copies of your publica- 
tions and Technical Reference Bulletins. 
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Atmospheric test lot, at Kure Beach, NC, 
is a source of valuable corrosion data 





F. L. LaQue 


The author was graduated in Chemical and 
Metallurgical Engineering from Queen's Uni- 
versity, Kingston, Canada in 1927. That same 
year he became associated with the Inter- 
national Nickel Company, Inc. in the Develop- 
ment and Research Division. 

He has specialized in the properties and 
applications of corrosion resisting materials, 
and at one time was Assistant Director of 
Technical Services. Mr. LaQue is now in charge 
of the Corrosion Engineering Section. 


Awnuat LOSSES through corrosion have been 
variously estimated as high as $6,000,000,000. With- 
out questioning the accuracy of this figure, there 
is no doubt but that corrosion represents a substan- 
tial drain on the profits of industry and on the 
pocketbook of the individual. It is a sort of tax 
which, while not really hidden, nevertheless is often 
overlooked as a major item in operating expense. 
Furthermore, many of our modern industries, and 
the products they furnish, could not exist without 
overcoming the problems regularly associated with 
handling corrosive chemicals under severe condi- 
tions of temperature and pressure. 
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What to look for in 
Corrosion Testing 















Corrosion tests are important because they pro- 
vide the basis for practical control. Consulting en- 
gineers may be called upon to decide on a corrosion 
testing program, prescribe details of how a particu- 
lar test should be made, or appraise results of tests 
carried out by someone else and described either 
in special reports or in some generally available 
technical publication. 

Laboratory corrosion tests may be undertaken to: 
1) study the chemistry and mechanics of corrosion 
processes, 2) indicate the environments in which a 
particular metal may be used satisfactorily, 3) dis- 
close the possible effects of metals on the character- 
istics or qualities of an environment to which they 
may be exposed. For example, corrosion product 
contamination of materials in process, transporta- 
tion, or storage, 4) serve as control test in making 
a uniform corrosion resisting metal, 5) assess the 
value of changes in composition or treatment in 
developing corrosion resisting metals, and 6) deter- 
mine whether a metal or protective coating conforms 
to a specification requiring a certain performance in 
a specified test. 

Plant, field, and service corrosion tests are most 
useful for: 1) selection of the most suitable materi- 
al to withstand a particular environment and to esti- 
mate its probable durability in that environment, 
and 2) studying the effectiveness of means of pre- 
venting corrosion. 
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In order to predict performance of a material, the 
ideal procedure would be to have the test specimen 
surface duplicate the material surface for that par- 
ticular service. However, materials are commonly 
applied in several forms having different surface 
features. Where a large number of materials are to 
be compared, testing each in all surface conditions 
of possible interest would be impractical. The com- 
promise is to choose some conditions of surface that 
may be expected to permit each material to perform 
near the upper limit of its ability. Preferably, this 
surface treatment should be the same for all materi- 
als so that relative abilities to resist attack when 
properly surfaced may be estimated. Initial surface 
conditions of the most promising materials may be 
subjected to additional tests to determine suitability 





men is rinsed in water after cleaning. Dipping in 
water and acetone or alcohol and ether mixtures 
will facilitate quick drying and avoid water deposit 
films. Dried specimens should be kept in a desiccator 
prior to weighing. Dimensions of specimens are 
usually restricted to what can be accommodated on 
the balances available for weighing. 

Where attack occurs, principally as a few pits or 
in crevices under supports, the extent may be deter- 
mined and limited by the total area of the test piece. 
This establishes the maximum size of the passive 
area that can act as a cathode to the few anodic areas 
where attack occurs. Larger specimens or much 
larger surfaces in practice may be associated with 
more severe localized attack under the same condi- 
tions of exposure. 





Quenched in water 
from 1950F 


As received 


Furnace cooled 
from 1|350F 


Illustrating avoidance of stress corrosion cracking by proper annealing 
but failure to do so by too drastic a quench from the annealing temperature 


for use in the type of service proposed. 

In research projects and standard tests, selecting 
a particular method of surface preparation that 
should be used in all cases so as to favor reproduci- 
bility of results from test to test is desirable. For 
example, finishing the surface with Grade 120 emery 
is provided for in the ASTM procedure for total im- 
mersion corrosion test. 

In addition to the treatment to be given the prin- 
cipal surfaces, any cut or sheared edges should be 
machined or ground to remove torn or fissured 
metal, which might suffer preferential attack and 
thereby distort results. As a general rule, edge ef- 
fects should be minimized by utilizing specimens 
where the ratio of surface area to edge area is large. 
Likewise, the ratio of area to mass should be kept 
large to improve the precision of such determina- 
tions as loss in weight. 

Final step in surface preparation should ordi- 
narily be the removal of dirt or grease to the point 
that there will be no “water break” when the speci- 
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In research tests, eliminate any effects of mechan- _ 
ical working of the surfaces by subjecting the speci- 
mens to some chemical treatment or pickling opera- 
tion. This may be accomplished simply by interrupt- 
ing the test after sufficient corrosion has occurred to 
remove the original surface layer. The specimen can 
be re-cleaned, re-weighed, and the test repeated. 

Materials such as stainless steel may be either 
active or passive. Here common practice is to assure 
some particular level of initial passivity or activity 
by some treatment prior to exposure. Substantial 
passivity, for example, may be accomplished inci- 
dentally in a chemical cleaning action to eliminate 
some surface contamination, such as by immersion 
in a nitric acid solution to eliminate embedded iron 
particles. 

There may also be an advantage in starting with 
specimens that have been purposely activated to de- 
termine: 1) how fast they will become passive in 
the test environment, and 2) how fast they are cor- 
roded if they should remain active. When passivity 
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develops from the activated condition, the reliability 
of the material will be established more surely than 
if by chance it should manage to retain an origi- 
nally induced passivity for all, or most of the test 
period. 


Specimen Identification 


Experience with thousands of specimens, in all 
environments, identified simply by stamped letters 
or numbers has shown this procedure to be satisfac- 
tory. Incidence of accelerated attack around the 
identification impressions has been very slight, and 
when occuring has been useful as a warning of sus- 
ceptibility to stress corrosion effects without other- 
wise interfering appreciably with the primary ob- 
ject of the test. 

To guard against the danger of obliterating identi- 
fication marks, several specimens should be identi- 
fied further by a record of their relative positions in 
the test assembly. Before the test arrangement is 
disturbed, each specimen should be identified by 
position until inspection has shown that other means 
of identification has been preserved. 

When stamped letters are almost sure to be ob- 
literated, identification may be provided by drilling 
holes in particular positions defined by a master grid 
template. For example, two holes in each 4 x 6 in. 
specimen will permit identifying 7875 items. Similar 
results can be achieved by notching the edges in ac- 
cordance with a particular template pattern. 

Other means of identification include inscription 
of letters or numbers by chemical etching or a 
vibrating stylus. The former in particular avoids 
local stress effects, which might complicate sys- 
tematic stress studies. 


Tests for Welds 


Knowing whether welded joints will demonstrate 
satisfactory resistance to corrosion is frequently 
necessary. Welded specimens of all materials in a 
preliminary study are not necessary to select those 
that may have satisfactory resistance to corrosion. 
Weld tests can follow this preliminary selection or, 
if there is some prior knowledge of the probable 
suitability of certain metals, these can be tested in 
the welded condition in the preliminary survey. 

One reason for testing welded specimens is to dis- 
cover whether the weld metal will resist corrosion 
satisfactorily. A second, and usually more important 
reason, is to ascertain whether the heat effects as- 
sociated with welding have been detrimental to the 
corrosion resistance of the base metal—as in the 
case of so-called weld decay sometimes encountered 
with stainless steels. 

A welded test piece has unique characteristics that 
may or may not be representative of presumably 
similar welds to be made by other welders under 
other circumstances. This qualifies the significance 
of the test environment. Entrapped flux, craters, fis- 
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sures, folds, and cracks may introduce peculiar local- 
ized corrosion that may not be encountered with all 
welds of the type studied. 

First effects of welding are even more peculiar to 
a particular test specimen. These will be influenced 
by the skill of the welder, thickness of metal welded, 
type of joint made, and geometry and mass of the 
surrounding structure as these effect rates of heat- 
ing and cooling. What happens to any welded test 
piece has questionable general significance, espe- 
cially when the result shows no apparent damage to 
a material known to be susceptible to the heat effects 
in the test environment. 

In addition to welded test pieces some specimens 
should be included that have been sensitized by 
prior heat treatment under controlled conditions 
known to be damaging in some environments. If 
both the sensitized and welded specimens withstand 





Test specimen shows corrosion 
of a weld and adjacent metal 


the test satisfactorily, then it can be concluded that 
detrimental effects of the heat of welding need not 
be anticipated in the test environment. However, 
if the sensitized specimens are corroded badly while 
the welded specimens are not, then some conditions 
of welding may lead to corrosion difficulties and ap- 
propriate action to avoid this must be taken. Since 
only slight damage may occur during a relatively 
short test period, careful examination of the cor- 
roded specimens is necessary to detect the first signs 
of intergranular attack before it can be concluded 
that none has occurred. 

Again, with materials susceptible to intergranular 
attack after certain heat treatments, preparation of 
test specimens necessitates that no intergranular at- 
tack occurs at this stage of the program that may be 
mistaken for the effects of exposure to the test en- 
vironment. Such attack can extend to the depth of 
a few grains in ordinary pickling treatments during 
mill processing or during preparation for exposure. 
If this already attacked layer be not removed by re- 
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finishing or taken into account in the final examina- 
tion, erroneous conclusions may be reached. 


Stress Effects 

The materials selected for preliminary testing 
should be in their best condition to resist corrosion. 
That is, they should be free from stresses beyond 





A rare example of stress corrosion 
around stamped identification marks 


those localized ones that may result from stamping 
identification symbols. Materials found to be worthy 
of further consideration may then be subjected to 
investigations to disclose any stress effects. 

When desirable to discover whether severe inter- 
nal stresses can be accommodated without distress, 
specimens should be exposed to such a condition. 
For example, a crucial test may be made by using 
a specimen in the form of a heavily cold drawn tube 
in the as drawn condition, flattened on one end and 
bent to introduce additional multi-axial stresses. If 
such a severely cold worked specimen suffers no 
stress corrosion cracking during a test of reasonable 
duration, then the danger of this occurring in normal 
service in the test environment is remote. 

To make studies at some known level, a stress is 
applied by bending a specimen over a suitable ful- 
crum and measuring the stress by means of a detach- 
able electric strain gage. This method is adaptable 
to field, as well as laboratory tests. 

In quantitative studies of stress effects, controlling 
the stress history and heat treatment of the test 
specimens is necessary. Then the effects of internal 
stresses from prior working of the metal will not in- 
terfere with the estimation of the actual stresses 
being investigated. 


Heat Treatment 

Many alloys are subject to loss of corrosion re- 
sistance after being subjected to certain heat treat- 
ments. This commonly localizes corrosion in particu- 
lar regions or along certain paths, such as vicinity 
of grain boundaries where harmful phases formed 
during heat treatment are most likely to be concen- 
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trated. In other instances, and particularly in cast- 
ings, homogenizing heat treatments may improve 
corrosion resistance by eliminating “coring” or sig- 
nificant differences in composition from point to 
point in a dendritic structure. 

Quenching or other rapid cooling from a tempera- 
ture high enough to dissolve harmful phases will 
keep these phases in solution. This will avoid the 
harmful effects associated with precipitating com- 
pounds or phases. However, too rapid a cooling, in 
some instances, may develop internal strains, which 
may induce stress corrosion cracking in some en- 
vironments. 

Heat treatments may also be helpful by precipitat- 
ing phases or compounds under conditions where 
they will be least harmful. This is especially desir- 
able if the chance of eventual precipitation at some 
less favorable temperature cannot be avoided dur- 
ing fabrication or service. 

Knowledge of such effects of heat treatment is 
essential to a proper understanding of the corrosion 
behavior of an alloy. Ordinarily, studies along this 
line are made in the general evaluation of the char- 
acteristics of an alloy. When applied to a particular 
service, testing for the best condition generally per- 
mits the establishment of probable usefulness. 

Frequently this is achieved by a quench anneal 
from a temperature high enough to hold any harmful 
phases in solution. After such a preliminary selec- 
tior. it will be prudent to carry out supplementary 
tests on specimens that have been subjected to any 
possibly detrimental heat treatments to which the 
metal may be subjected in processing, fabrication or 
service. 

Heat treatment will also affect magnitude and dis- 
tribution of internal stresses, which can be elim- 
inated by appropriate annealing treatments. This 
avoids susceptibility to stress corrosion cracking. 
Exploration in the performance of materials in en- 
vironments is required where stress corrosion crack- 
ing may be anticipated. 

Sometimes stress relief annealing treatments may 
cause the appearance of phases that can affect cor- 
rosion resistance adversely in another way while 
eliminating stress corrosion cracking. This possi- 
bility must be kept in mind in assessing the overall 
benefits of heat treatments applied primarily for 
stress relief. 

In other instances, heat treatments—involving 
quenching, tempering or holding at some tempera- 
ture to precipitate an age hardening compound— 
are employed to secure some desired level of hard- 
ness or other mechanical properties. Effects such 
heat treatment may have on the corrosion resistance 
of the material in each condition of heat treatment 
should be explored. « 

Practical considerations usually limit the number 
of duplicate specimens that can be exposed for each 
period of test. At least two are recommended for ob- 
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vious reasons and more will be required to establish 
the reality of small differences in performance. In 
most cases no more than five duplicates will be re- 
quired for statistical analysis of results. 

When statistical analysis is to be used, care must 
be exercised in the initial sampling to insure that 
normal variations in those qualities of metals, that 
might affect the results, are represented properly in 
each set of samples. To secure information as to 
changes in corrosion rates with time, a sufficient 
number of specimens must be exposed initially so 
that sets can be withdrawn for examination after at 
least three time intervals. 

For simple “sighting shot” tests, where the num- 
ber of test specimens that can be accommodated is 
limited, yet a large number of materials are of pos- 
sible interest, exposing single specimens of a large 
number of materials will be essential. This may be 
more advantageous than limiting the compositions 
that can be investigated by exposing half the num- 
ber of materials in duplicate. The greatest advantage 
in exposing two specimens of a material instead of 
one is in detecting gross errors in weighing. 


Duration of Exposure 


Duration of a particular test is likely to be deter- 
mined by practical factors, such as the need for some 
information within a particular limit of time, or the 
nature of the operation or process with which the 
test is concerned. Tests are rarely run too long. How- 
ever, this can happen, particularly in laboratory 
tests where the nature of the corrosive environment 
may be changed drastically by the exhaustion of 





some important constituent initially present in small 
concentration, or by the accumulation of reaction 
products that may either stifle or accelerate further 
attack. In either case, the corrosivity of the environ- 
ment may be altered considerably. Gross errors may 
result from the assumption that the results apply 
to the original conditions of the test rather than to 
some uncertain and continually changing conditions 
that may exist during the course of too extended a 
test period. 

Considerable research on the atmospheric corro- 
sion of steels in different atmospheres has shown 
that with the standard 4 x 6 in. specimens frequently 
used, about 11 gram of metal has to be converted 
into corrosion products, rust, before a steady rate of 
corrosion has been established. For the better steels, 
this will require about four years in the most corro- 
sive industrial atmospheres. Therefore, such tests 
should be made for at least this length of time in in- 
dustrial atmospheres and for even longer periods in 
marine and rural atmospheres where the full pro- 
tective effects of rusts take longer to develop. 

Tests in waters and soils ordinarily should be al- 
lowed to run for extended periods in excess of three 
years with removals of specimens in groups after 
different time intervals. A desirable schedule for 
any extended test in a natural environment is one 
in which the interval between successive removals 
is doubled each time. For example, the first removal 
would be after one year, the second after three 
years, and the third after seven years, and so on. 

In any event, the actual duration of a test must 
be reported along with the results. Thus, those who 
may wish to make predictions will have an accurate 
idea of the extent of any extrapolation or interpola- 
tion that may be undertaken. 

Rates of corrosion rarely remain constant with 
time. More often than not, rates of attack tend to 
diminish as a result of the formation of adherent 
insoluble corrosion products or other protective 
films precipitated from the environment. Therefore, 
extrapolation of results of tests that are too short 
are more likely to indicate a lesser resistance to 
attack than actually will be observed over a pro- 
longed period of exposure. To this extent, such 
extrapolation may be considered as conservative. At 
the worst, this may lead to the selection of a better 
material or a heavier section than actually is needed, 
or to the exclusion from consideration of some ma- 
terials that might be much better than the short time 
test results would indicate. 

Having in mind that the principal interest is to 
run a test long enough to permit the possible pro- 
tective value of films to be demonstrated, it is pos- 
sible to suggest one basis for deciding whether a 
laboratory test has been run long enough—pro- 
vided attack has been uniform. This is based on an 
assumption that if corrosion has not been stifled be- 
fore a certain thickness of metal has been corroded 
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away, the self protection that develops with time can 
hardly be depended upon. This has led to the sug- 
gestion that a test can be considered to have been 
run long enough when the observed rate of corrosion 
in milligram per square decimeter per day, multi- 
plied by the number of hours of test, exceeds 10,000. 
That is, where the rate is 500 milligram per square 
decimeter per day, a 20 hr test is adequate. Where 
the rate is 50 milligram per square decimeter per 
day, a 200 hr test is indicated. 


Appraisal of Damage 

There are many ways of determining the extent 
or progress of corrosion. The choice may be deter- 
mined either by convenience or on the basis of some 
special interest in a particular result of corrosion or 
in a particular stage of a corrosion process. 

Probably the most frequently made observation is 
the change in weight of a test piece. This may take 
the form of a weight gain or a weight loss. 

Weight gain determinations are most common in 
studies of the extent and rate of oxidation or scaling 
at elevated temperatures. Such data have quantita- 
tive significance only when the exact composition 
(metal content) of the scale is known or can be de- 
termined, and when there has been no loss of loose 
scale during the test and afterwards. 

In most other cases, data on gains in weight due 
to the accumulation of corrosion products have little 
quantitative significance. There is usually a question 
as to how much of the corroded metal is represented 
in the corrosion products that remain in place at a 
particular time. There are also uncertainties as to 
the chemical composition of corrosion products, 
which may consist of mixtures of several compounds 
with varying amounts of combined or uncombined 
water, depending on the humidity of the atmosphere 
at the time. 

For these reasons, it is much better to determine 
the amount of metal removed by corrosion by weigh- 
ing the specimen after removal of all adherent cor- 
rosion products by some method that will not cause 
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further attack or by making a proper correction for 
losses in the cleaning process. Since the extent of 
this loss in weight will be influenced by the area ex- 
posed, as well as the time of exposure, it is desirable 
to facilitate comparisons between different tests and 
different specimens to report the loss in weight in an 
expression that includes area and time factors. 

Most common unit of this sort is mdd—milligrams 
weight loss per square decimeter of exposed surface 
per day (24 hr). This expression implies two things 
that may not be so. The first is that corrosion has 
occurred at a constant rate throughout the test peri- 
od. This is rarely the case, since most rates of attack 
tend to diminish with time. But, if the duration of 
the test and the actual loss in weight are also report- 
ed, the user of the data can take this fact into 
account. 

Second probable error in the mdd expression is 
that it implies that corrosion has proceeded uniform- 
ly over the whole surface. These mdd units, there- 
fore, will give the wrong impression as to the prob- 
able depth of attack if corrosion has occurred in only 
a few spots on the surface of the specimen. Obvious- 
ly, the mdd units have limited significance when 
corrosion has taken the form of scattered pits or has 
been confined to the crevices where the specimen 
was supported. This sort of thing should be covered 
by appended notes describing the nature and loca- 
tion of the corrosion represented and should be sup- 











plemented by data on the actual depths of the pitting 
or crevice attack. Here, again, the report should 
include data on the actual weight losses and dura- 
tion of exposure. 

Expression of weight loss in terms of a percentage 
of the original weight of a test piece is usually mean- 
ingless except for comparing specimens of the same 
size and shape. This method does not take into ac- 
count the important relationship between surface 
and mass. On this basis a spherical specimen would 
appear to resist corrosion better than any other 
shape. 

As indicated, it is necessary to measure and report 
the depths of any pitting or other localized corrosion 
that may have occurred, such as in crevices. Where 
the number of pits is great, measuring the depths 
of all of them is obviously impractical. Conse- 
quently, the practice has developed of choosing ten 
of the deepest pits and reporting their average depth. 
All surfaces of the specimen should be examined in 
selecting the ten deepest pits. 

There are several ways of measuring pit depths. 
If the pits are large enough, they may be measured 
with a pointed micrometer or with an indicating 
needle point depth gage. Otherwise they may be 
measured optically with a microscope by focussing 
in turn on the surface of the specimen and then on 
the bottom of the pit using a calibrated wheel on the 
fine focus adjustment rack for this focussing opera- 
tion. In some instances, the small dimensions or 
shapes of pits may require metallographic examina- 
tion of a cross section for a precise measurement of 
depth. Such metallographic examination may also 
be useful in detecting an association of pitting with 
any particular feature of the structure of the metal. 
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Rack for exposing insect screens 
boldly and under partial shelter 





Since it is often difficult to visualize the extent of 
attack in terms of depth from such weight loss units 
as mdd, common practice is to convert these mdd 
figures into others to indicate depth of penetration 
as in inches per year (abbreviated ipy), mils per 
year (abbreviated mpy), or inches per month (ab- 
breviated ipm). Such calculations suffer from the 
same defects as the mdd figures in that they do not 
take into account changes in corrosion rates with 
time, nor non-uniform distribution of corrosion. 
However, since many people are likely to make 
such conversions anyway, the initial investigator 
can make the calculations accurately and report 
corrosion rates in both mdd and ipy or similar units. 

Basic formula for making such calculations is: 


(0.001437) 
mdd x ——_———_—- = ipy 


where d is the metal density in grams per cubic 
centimeter. 

Some conversion factors based on this formula 
are given in Table 1. A curve drawn on the basis of 
this equation is shown in Fig. 1, from which the 
proper conversion factor may be estimated if the 
density of the material is known. For convenience in 
converting corrosion rates expressed in certain units 
to those expressed in others, Table 2 is provided. 

Losses in weight will not disclose the extent of 
deterioration that may result from the destruction 
of a very small amount of metal concentrated along 
grain boundaries or in transgranular paths (as in 
some cases of stress corrosion cracking). In such 
instances, an apparently trivial or even undetect- 
able loss in weight may be associated with practi- 
cally complete loss of the strength or ductility. 
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Where this may be suspected, or in any doubtful 
cases, the weight loss determinations must be sup- 
plemented by other means of detecting this sort of 
damage. These means include simple bend tests fol- 
lowed by visual or metallographic examination to 
disclose surface cracking, quantitative tension tests, 
and direct metallographic examination of cross sec- 
tions. Changes in electrical resistance have been 
used as a measure of intergranular attack. Because 
of the nature of such resistance determinations, they 
have been more useful for comparing specimens of 
a particular kind and size than as a basis for quanti- 
tative expression of rates of attack. 

Characteristic mode of corrosion of some alloys 
may be to leave, as a form of corrosion product, a 
redeposited layer of one of its constituents, such as 
in the case of the brasses that dezincify, or in the 
case of the graphitic corrosion of cast iron. Particu- 
larly in the case of the dezincified brass, the adherent 
copper is not likely to be removed with the other 
corrosion products and, therefore, the weight loss 
determination will not disclose the total amount of 
brass that has been corroded. This is especially im- 
portant because the copper layer has very little 
strength and ductility, and the extent of weakening 
of the alloy will not be indicated by the weight loss. 
In these cases, also, the weight loss determinations 
must be supplemented by, or replaced by, mechan- 
ical tests or metallographic examination or both to 
reveal the true extent of damage by corrosion. 

Whenever changes in mechanical properties re- 
quire the use of tensile, fatigue or impact tests, as a 
measure of corrosion damage, a set of specimens to 
determine the properties of the uncorroded metal is 
necessary. 

Tests extending over long periods, during which 
the alloys being tested may be subject to changes in 
mechanical properties due to aging effects, entirely 
aside from corrosion, require providing sets of 
specimens that may be subjected to similar aging 
in a non-corrosive environment. Then by direct 
comparison with corroded specimens of the same 
age the changes due to corrosion can be separated 
from those due to aging. Preferably the control 
specimens should be stored so that they will be 
subjected to the same thermal experience as the 
specimens undergoing corrosion. This is usually very 
difficult to accomplish while maintaining the con- 
trol specimens completely protected from corrosion. 

Specimens for mechanical tests may be cut or 
machined prior to exposure, or they may be cut 
from larger specimens after they have been exposed 
to corrosion. There will be differences in the condi- 
tions of the edges of the specimens treated in the 
two ways as compared with the uncorroded speci- 
mens. These latter will have all edges uncorroded. 
Specimens machined to size prior to exposure will 
have all edges and surfaces subjected to corrosion, 
while those cut from larger specimens after expo- 
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sure will have uncorroded edges combined with cor- 
roded surfaces. If mechanical test specimens are 
cut from large specimens on which exposure has 
been localized to a considerable extent, the position 
from which a test specimen is cut and its relation 
to the attacked areas or paths of corrosion may 
have a major effect on the results secured. Finally, 
in view of effects of relative areas of active and 
passive surfaces on metals that have suffered local- 
ized corrosion, the extent of this on a large speci- 
men may be much greater than on a smaller 
specimen of the same material exposed under the 
same conditions. 

In calculating the strength properties of the cor- 
roded specimens and comparing them with those of 
the uncorroded control specimens, the actual area 
of the cross section of the corroded metal must be 
taken into account. Results should be reported on 
this basis instead of, or as well as, on the basis of 
the original cross section prior to exposure, such as 
would be represented by the uncorroded control 
specimens. 

In view of possible or probable vsr:ation in me- 
chanical properties amongst different specimens of 
the same metal, cut from different sheets, careful 
attention must be paid to the initial sampling of 
stock to be used for control, as well as for ex- 


Specimen holders, such as these, are 
employed in running corrosion tests 
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posure specimens. This is to insure that all groups 
will be equally representative of the normal varia- 
tion in properties to be encountered. Thus, there will 
be a statistically sound basis for appraising the re- 
sults. Besides mechanical properties, other variations 
in properties of test specimens that may influence 
their corrosion behavior must also be considered. 

An interesting case in which several of these con- 
siderations were involved was provided by the long 
time atmospheric exposure tests of non-ferrous 
metals. These tests were carried out by Sub-Com- 
mittee VI of ASTM Committee B-3 and changes in 
tensile properties were used as one of the means of 
measuring the extent of corrosion. In view of the 
uncertainties introduced by the details just dis- 
cussed, specifying what would be an ideal procedure 
in all cases involving mechanical tests to measure 
corrosion damage is impractical. 

Tests carried out for particular purposes may 
make use of other special means to measure the 
progress of corrosion. For example, changes in the 
reflectivity of polished surfaces have been used as 
a sensitive means of following changes in the very 
early stages of corrosion in laboratory studies. A 
similar technique has been applied on a practical 
scale in connection with the direct evaluation of the 
relative merits of different alloys as used for mir- 
rors in searchlights exposed to corrosive natural 
atmospheres. 

In some cases, the principal interest is the possi- 
bility of undesired contamination or other altera- 
tion of a test solution rather than in the rate of de- 
struction of the metals being tested. Here, in addi- 
tion to paying attention to the usual factors that in- 
fluence rates of corrosion, it is necessary also to con- 
sider the ratio of the area of the test specimen to 
the volume or mass of test solution and the time of 
contact with a particular batch or mass. All of these 
factors may be quite different in a test from that 
which would pertain in a practical case, and any such 
distortions of the test must be taken into account 
in planning the test and in interpreting the results. 

In cases such as this, the possible contamination 
of the solution by corrosion products may be esti- 
mated from the loss in weight of the test specimen. 
However, this does not make any distinction be- 
tween soluble and insoluble corrosion products, 
which may have different effects, that can be 
studied best by chemical analysis of the test solution 
and filtered materials. Similarly, chemical analysis 
may be required to detect any other changes in the 
composition of the test solution that may be of 
interest. 

Particularly in theoretical studies of corrosion 
processes, measuring the progress of corrosion in 
terms of the rate or extent of consumption of oxy- 
gen in the corrosion reactions has been useful. This 
technique has been very useful in following the 
progress of corrosion or oxidation in its initial stages. 
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Somewhat along the same lines is the measure- 
ment of the volume of hydrogen generated as cor- 
rosion proceeds. This technique has been used not 
only in theoretical studies, but as a means of com- 
paring some corrosion resisting characteristics of 
different lots of steel that seem to affect their be- 
havior when used as base metal for tin cans. 

The polarograph has been found to be a very use- 
ful tool for following the progress of corrosion, es- 
pecially in early stages. Minute changes in the com- 
position of the solution are measured, such as con- 
sumption of some constituent such as ozygen or by 
the accumulation of metal salts or other reaction 
products such as hydrogen peroxide. 

Attention has been focussed on some precautions 
that must be taken in planning and executing cor- 
rosion tests and in interpreting the results. It is 
hoped that this emphasis on caution will not give a 
discouraging picture of corrosion testing, or suggest 
that results are likely to be unreliable. When tests 
are made properly and interpreted intelligently, 
they regularly lead to the proper selection of ma- 
terials to resist corrosive environments. The proof 
of this is provided by the infrequency of gross dif- 
ficulties or failures in the very considerable use 
that is being made of large tonnages of corrosion 
resisting materials under increasingly severe con- 
ditions of service in the chemical and process in- 
dustries. Continued specialized engineering atten- 
tion to the evaluation of materials for particular 
services will insure that this desirable state of af- 
fairs will not only persist, but will improve steadily. 
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Flow diagram of cyanide waste 
treatment system at du Pont's 
Woodstock plant shows the three 
basic steps: the caustic supply, 
the chlorine supply, and the 
cyanide destruction phases 
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Cyanide Wastes at du Pont 


D. C. CARMICHAEL, Senior Power Engineer 


E. I. du Pont de Nemours and Company, Inc. 


Expansion of chemical industry usually brings 
with it certain problems in industrial waste treat- 
ment. This recently occurred at Woodstock, near 
Memphis, Tennessee where du Pont built new 
manufacturing facilities. The waste for the new 
plant contained cyanides and some means had to 
be provided for treating this waste before chemical 
production could commence. Unfortunately the 
method most generally employed had never been 
applied on a large scale in the chemical industry. 
The waste to be treated can be described simply 
as a cyanide-contaminated acid water. The chief 
contaminants were sulfuric acid and ammonium 
sulfate. While the minor constituents were cyanides 
and some organic matter, the normal cyanide con- 
centration was expected to be about 25 ppm as CN. 


Methods of Treating the Waste 


Some thought had to be given to the best means 
of treatment. The choice had to be the one that of- 
fered the best chance of success as proven by the 
application to the cyanide wastes of other industries. 
Consideration was given, therefore, to each of the 
four methods used by other industries. Each was 
weighed in respect to practicability and economics. 

One method, that of disposal by dilution, was hard- 
'y worthy of consideration, but it vividly brings out 
the necessity for constructing: waste treatment fa- 
cilities. The expected polluted volume of 3000 gpm 
was to be discharged to a stream that normally has 
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a lesser flow except during flash runoffs during 
storms. There are also periods during the summer 
when the stream flow downstream would be mostly 
discharged waste flow. 

Disposal by ponding was discarded for a number 
of reasons. The large acreage required to hold some 
four million gallons of waste daily for a period of 
weeks would not only be impractical but also costly. 
Also involved were the hazards of dike failure, the 
pollution of underground water, and the expected 
proximity to suburban residential areas. All appear- 
ed to be risks too great to take. 

A third method, that of volatilization of the cya- 
nides as hydrocyanic acid, HCN, in stacks met with 
little or no favor. The method besides being hazardous 
would leave some cyanide in the waste. Such treat- 
ment would be wholly inadequate. The Tennessee 
Health Department requires any waste discharged 
to the stream to be entirely free of cyanides at all 
times. This would mean subjecting the waste to 
further treatment, not only in respect to its cyanide 
content but also its acidity. A method of treatment 
that would require two consecutive treatment plants 
appeared most impractical, to say nothing of the 
over-all costs. 

Alkaline hypochlorite method, which is used on a 
small scale at another du Pont plant was discarded 
because of the large tankage required by batchwise 
treatment. Neither treatment with lime sulfur solu- 
tion nor ferrous sulfate was considered a satisfactory 
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method because the treated water would still cause 
pollution of the receiving water. 

Alkaline chlorination method for cyanide destruc- 
tion, the last in the series of possible treatments 
considered, had already been used extensively in 
the steel and allied industries, particularly the plat- 
ing industry. The reported completeness of the 
treatment held the most promising possibilities for 
removing cyanide wastes in the chemical industry. 
It appeared to be the only method capable of fulfill- 
ing the waste treatment requirements at the Wood- 
stock plant. 

Alkaline chlorination method also eliminated the 
hazards of the other processes. Through proper con- 
trol, complete destruction of the cyanides to cyanate 
was insured at a desirable pH level at all times. 
Then too, caustic and chlorine are chemicals readily 
and easily handled, along with being moderate in 
cost. Furthermore, a continuous treatment process 
could be developed that was highly desirable be- 
cause of the large volumes involved. 


Alkaline Chlorination Method 


Alkaline chlorination process may be defined as 
one in which the cyanide waste is treated with caus- 
tic and chlorine or one of chlorine’s alkaline com- 
pounds, the hypochlorites, at a pH of 8.5-9.0. It com- 
pletely destroys the cyanides to cyanates or both 
cyanides and cyanates to nitrogen and carbon di- 
oxide, depending upon the controls set up for the 
chlorination. In this instance, the toxic cyanides 
need be converted only to much less toxic cyanates. 

Conversion of cyanides to cyanates with caustic 
and chlorine is represented by two equations. In the 
first equation, chlorine, Cl., reacts with sodium cy- 
anide, NaCN, to form cyanogen chloride, CNC1: 
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Aerial view of waste treatment area shows, at left and 
right in the middle distance, the two eight-hour trade 
waste effluent neutralization and detention basin. The 
building in center and basin in rear compose the one- 
hour neutralization unit for trade waste disposal. At 
extreme left is the 5000 gal horizontal tank for storage 
of 10 per cent caustic solution used for pH control 


One of three similar high capacity air-operated chlorinators 


(1) NaCN + Cl, = CNCl + NaCl 

From a treatment standpoint recognizing certain 
facts about this reaction is important. First, the re- 
action is practically instantaneous at all pH levels. 
Second, it is faster than the reaction between chlo- 
rine and ammonia to form chloramines, which reac- 
tion is also considered to be fast at a pH of 8.5-9.0. 
Third, in the presence of ammonia, any chlorine in 
excess of that required to instantly complete the re- 
action is immediately converted to and is present as 
a chloramine residual. Fourth, from a control stand- 
point, the rapid reaction and presence of a chlor- 
amine residual signifies that the cyanides have al- 
ready been completely oxidized to cyanogen chlo- 
ride. This reaction theoretically required 2.73 parts 
of chlorine for each part of cyanide as CN. 

Cyanogen chloride is volatile and quite unpleas- 
ant, but, in a well-designed plant and one in which 
the second reaction is allowed to proceed immedi- 
ately following the first reaction, its physical nature 
is of little importance. It is then an intermediate 
product of the over-all reaction and exists in appreci- 
able quantity only tor an extremely short time. 

In the second equation, the cyanogen chloride, 
CNCI, reacts with caustic, NaOH, to form sodium 
cyanate, NaCNO, 

(2) CNC] + 2 NaOH — NaCNO + H,.O + NaCl 

From a treatment standpoint certain important 
facts about this reaction must be recognized. It is 
80-90 per cent complete in one or 2 min at a pH of 
8.5-9.0. That means that the cyanogen chloride is 
converted quickly to cyanates. The reaction is 100 
per cent complete within 30 min at a pH of 8.5-9.0. 
When the pH is less than 8.0, the reaction is very 
slow. Because of the nature of cyanogen chloride, 
the caustic reaction must immediately follow the 
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chlorine. In plant practice this is accomplished by 
applying the caustic along with the chlorine. From 
a control standpoint the reaction is rapid just so long 
as the pH of the chlorinated waste is kept around 8.5. 
When the pH of the waste to be treated is already 
approximately 8.5, this reaction requires only 1.125 
parts of caustic for each part of chlorine applied. 


Effect of Chemical Waste on the Method 


Many chemicals are known to affect the reactions 





Operation of the cyanide waste treatment is controlled 
from this panel. Included are recorders for each system 


just referred to, and this possibility was thoroughly 
studied. A program of laboratory experiments was 
carried out, and synthetic wastes were employed to 
simulate expected plant conditions. These labora- 
tory results determined treatment design. 


Three Systems in the Plant 


Caustic and chlorine usage as compared to hypo- 
chlorite is a question that continually arises. Identi- 
cal amounts of available chlorine are required re- 
gardless of which one is employed. Even though 
caustic and chlorine can be as easily handled as 
hypochlorite, the decision was made to use caustic 
and chlorine in bulk because of the cost differential. 
For that reason caustic and chlorine supply systems 
were designed as integral parts of the cyanide waste 
treatment at Woodstock. 

Cyanide wastes may be treated either batchwise 
or in a flow-through plant by alkaline chlorination. 
The volume of the wastes to be treated at Wood- 
stock was more readily adaptable to the flow-through 
type of plant. Such a cyanide destruction system 
was considered to be as effective and foolproof as 
any batchtype of treatment plant. This is particu- 
larly true for controls that are devised for the sole 
purpose of insuring proper treatment and prevent- 
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ing cyanide, if anything should go amiss, trom find- 
ing its way to the receiving stream. 


Caustic Supply System 


Principal units of the caustic supply system along 
with the primary function of each are given in Table 
1. The layout of the units is shown in the area mark- 
ed “caustic supply system” in the flow diagram. 

The 50 per cent caustic solution is delivered to the 
caustic supply system by gravity and metered as 
used. A flow controller proportions the 50 per cent 
caustic and cooling tower water flows to give a 10 
per cent caustic solution as needed. 

Dilute caustic solution flows by gravity to a 5000 
gal storage tank. From this tank the caustic flows 
to two points, one a head tank and another 5000 gal 
storage tank. 

From the head tank (a constant-level box) the 10 
per cent caustic solution flows by gravity to the 
cyanide destruction system, specifically to the auto- 
matic proportional control valves used for pH control. 

From the second 5000 gal storage tank, the 10 per 
cent caustic is pumped through either of two 25 gpm 
capacity pumps to the chlorine supply system, speci- 
fically to the porportional automatic caustic feeders 
for pH control. 

Principal units of the chlorine supply system along 
with the primary function of each are given in Table 
2. Liquid chlorine is piped from a tank car storage 
to individual evaporators and is converted into gas 
as required. The gas is delivered to a chlorinator as 
needed at a constant pressure made possible with 
reducing valves installed in each gas line between 
the evaporator and the chlorinator. 

Ccoling tower water, chlorine gas, and 10 per cent 
caustic solution are applied at the injector of each 
chlorinator. The 10 per cent caustic solution is fed 
through three proportional automatic feeders, one 
for each chlorinator, in proportion to the chlorinator 
vacuum, or at the rate of chlorine feed. This is 
made possible by tying the vacuum of each chlorin- 
ator with the vacuum of its particular caustic feeder. 
The rate of caustic feed can be changed at any time 
by a manual dosage valve on each caustic feeder. 

Operation of these feeders is in effect a form of 
pH control. By proportioning the caustic feed along 
with the chlorine feed, pH of the waste in the 
cyanide destruction system can be maintained at 
the preadjusted level regardless of changes in rate 
of chlorine feed. 

Three air-operated vacuum type chlorinators, 
each of maximum capacity of 6000 lb per 24 hr, have 
their own particular function to perform in the 
cyanide destruction system. Each chlorinator has a 
chlorine flow recorder tied in with the meter vacu- 
um that records the rate of chlorine feed in pounds 
per 24 hr at all times during the day. 

Chlorinator No. 1 is the source of the base chlorine 
load on the plant, is manually operated at this base 
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This is the one-hour neutralization basin. The building 
at the left houses all the controls for chlorinization 





chlorine load, and is idle only when the plant is 


shut-down. It delivers caustic-chlorine solution 
through a rubber-lined pipe to the cyanide destruc- 
tion system at the entrance to the one hour reten- 
tion basin. 

Chlorinator No. 2 is the source of the chlorine re- 
quired in addition to the base chlorine load and is 
normally idle only when the plant is shutdown. 
This chlorinator is fully automatic, being controlled 
by potential recorder-controller No. 1 in the cyanide 
destruction system. It delivers caustic-chlorine solu- 
tion to the same point in the cyanide destruction 
system as chlorinator No. 1. 

Chlorinator No. 3 is an emergency unit, which 
operates at a fixed setting that can be changed manu- 
ally, on a start and stop basis. This chlorinator is 
controlled by potential recorder-controller No. 2 in 
the cyanide destruction system. It delivers caustic- 
chlorine solution to the cyanide destruction system 
whenever required, being applied specifically to the 
waste prior to its discharge to the stream. 


Cyanide Destruction System 


The principal units of the cyanide destruction 
system along with the primary function of each are 
given in Table 3. 

Layout of the units mentioned in Table 3 is shown 
in the area marked “cyanide destruction system” 
in the bottom half of the flow diagram. 

As the acid cyanide waste enters the system its pH 
is automatically adjusted and controlled to a pH of 
8.3-8.5 by means of the pH recorder-controllers. 
Caustic (10 per cent) is applied through automatic 
proportioning valves. A small mixing basin is located 
between the proportioning valves and the down- 
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stream pH electrodes. This basin with its two agi- 
tators insures uniform mixing of the waste with the 
caustic before the waste reaches the pH electrodes. 
pH adjusted waste then enters one or the other 
of two 8 hr retention ponds that are used alternately 
on a fill-and-draw arrangement. The purpose of these 
ponds is to serve as holding reservoirs and to even 
out fluctuations in the cyanide concentration of the 
waste. Waste flows from the pond by gravity 
through a control basin and a flow controller. The 
control basin is equipped with a float switch that 
shuts down the entire plant when the waste flow 
reaches a preset minimum level in the basin. The 
flow controller is actually a rate-of-flow controller, 
which insures a fairly constant flow to the point of 
chlorination at all times. 

Waste then passes by gravity to the 1 hr retention 
basin where under normal conditions all of the 
chlorination of the waste takes place before it is dis- 
charged to the stream. This basin has an inlet and 
an outlet baffled area. 

Caustic-chlorine solution is applied to the waste 
rather than chlorine water alone so as to maintain 
the pH of the chlorinated waste at the pre-adjusted 
level of 8.3-8.5 at all times regardless of the amount 
of chlorine being applied. 

Base chlorine load (from chlorinator No. 1) and 
the additional amount required (from chlorinator 
No. 2) is applied at the same place to the waste just 
before it enters the 1 hr retention basin. Chlorinated 
waste then passes through the inlet baffled area and 
is thoroughly mixed by three agitators. 

At the outlet end of the baffled area is a 1 gpm 
capacity sample pump with 14 hp motor that picks 
up a sample and passes it through the potential cell 
for potential recorder-controller No. 1. The potential 
developed is recorded and controls the rate of chlo- 
rine feed through chlorinator No. 2 so as to maintain 
the proper potential in the waste at this point at all 
times. Potential control is accomplished by means 
of a control circuit interruptor that periodically 
transmits step-wise electrical impulses to the vacuum 
controller, which then adjusts the vacuum on the 
chlorinator and hence the rate of chlorine feed of 
chlorinator No. 2. In this way the rate of chlorine 
feed from this chlorinator plus the fixed rate of base 
chlorine feed supplied by chlorinator No. 1 main- 
tains the desired potential at the inlet end of the 1 hr 

retention basin. 
Chlorinated waste after 1 hour’s retention, dur- 


CONSULTING ENGINEER 






















a = 6 24 4. 


fr; fm fA = 


nw» 


~~ -~- fF Se oF S&S 65 = S&S fF. —_— -«—- #4 7 


, 











ing which time the cyanides normally have been 
destroyed to cyanogen chloride and completely con- 
verted to cyanates, passes through an outlet baffled 
area. At the inlet end of this area is another sample 
pump that picks up a sample for the potential re- 
corder-controller No. 2. The potential developed 
is recorded, and if the potential at any time falls be- 
low the level indicative of complete removal of 
cyanide in the waste an electrical impulse starts up 
chlorinator No. 3. A fixed amount of chlorine is 
then applied to the waste in the outlet baffled area, 
near its entrance, but beyond the point where the 
sample for potential No. 2 is being taken. This emer- 
gency chlorinator continues to apply a fixed amount 
of chlorine until shut off electrically when the po- 
tential at recorder-controller No. 2 again reaches 
proper voltage. 

Chlorinated waste is mixed by one agitator before 
discharge to the steam. At this outlet is the potential 
recorder-controller, No. 3, which acts as a sentinel 
before the waste passes into the stream. When for 
any reason, the potential of the discharged waste is 
not at the level indicative of the complete destruc- 
tion of the cyanides, the controller electrically trans- 
mits impulses, which immediately shutdown all 
chlorinators and close the motor-operated gate 
valves. Thus, incompletely treated waste cannot 
flow into the receiving stream. 


Other Controls 


Besides the controls for proper pH adjustment and 
chlorination of the waste, many others have been 
incorporated in the plant. Approximately 20 alarms 
are arranged on a control panel to warn against a 
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deficiency in air, water, caustic, chlorine, or any 
of the process units connected with chemical feeding. 

Deficiency in chemical feeding can result in ob- 
taining an improperly or partially treated waste. 
Furthermore, should these deficiencies be neglected 
the plant can shutdown in a manner similar to that 
afforded through potential control. Low air pres- 
sure, low cooling tower water pressure, and low 
liquid chlorine pressure will immediately, through 
low-pressure switches in each line, shutdown the 
plant. A low caustic solution level in the propor- 
tional automatic caustic feeders causes a shutdown. 

In the event of plant shut-down, the system may 
be restarted by means of a pushbutton operating 
station on the central control panel. Re-starting is 
controlled through time delay relays, which permit 
operation to continue only for a limited period of 
time. In case operation has not been restored to 
normal, by correcting the trouble initiating the shut- 
down within the delay period, the plant will again 
shutdown. This will continue until a properly treat- 
ed waste is obtained at the discharge. 


This article is based on a paper given by D. C. Carmichael 
at the Industrial Waste Conference held at Purdue Uni., 1952 











MEN IN 





@ A. H. Kuljian, chief mechanical en- 
gineer for The Kuljian Corporation, is 
elected v-p in charge of engineering, 
according to an announcement by J. I. 
Cherry, executive v-p. 


@ Michael Pinto is named president of 
Pioneer Engineering and Manufacturing 
Company, Inc., succeeding A. M. Sar- 
gent, who founded the company. L. A. 
Curnoe is appointed secretary-treasur- 
er. In acquiring Pioneer from Sargent, 
Mr. Pinto; who is also president of 
Douglas Tool Company, Detroit, em- 
phasized that no changes in policies are 
contemplated for the company, and that 
Pioneer would retain its full independ- 
ent status. His first action as president 
was to name Clyde Mooney, formerly 
chief engineer, to the post of gen mgr. 


® T.A.B. Engineers, Inc., announces ap- 
pointment of R. Bigham and J. R. Clem- 
ens as project engineers. G. W. Jessica 
is named chief librarian succeeding R. 
H. Pack who is assigned to the field 
engineering div. 


ENGINEERING 


@ A talk by Kenneth Tator, of Kenneth 
Tator Associates, which emphasized 
“The Role of Coatings in Corrosion 
Control” was very favorably received at 
the recent annual Insul-Mastic Corpo- 
ration of America’s sales and technical 
forum. 


@ C. W. Smith, formerly advisory con- 
sultant on rolling and metal processing, 
is named genl mgr of the Rodney Mfg. 
Corp. 


® Appointment of J. H. Frankfort as 
chief project engineer for Walter Kidde 
Nuclear Laboratories is announced. He 
formerly was associated with the H. K. 
Ferguson Company and recently served 
as chief project engineer on the Na- 
tional Lead Company’s $14 million tita- 
nium plant at Henderson, Nev. 


@ O. F. Sieder, executive v-p and genl 
mgr of The H. K. Ferguson Company 
received the honorary degree of doctor 
of science from Lafayette College at 
Easton, Pa. 





Shown here are the principals in the new firm known as Schatz & Elliston, Architects, Hall, 
McAllister & Stockwell, Engineers. The organization was formed following the retirement of 
H. N. Hermann from H. N. Hermann & Associates. Seated, left to right, G. F. Schatz, F. C. 
Hall; standing, W. F. McAllister, H. J. Stockwell and H. L. Elliston 
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K. W. Reece 


F. C. Gardner 


© T. C. Wescott, president of Ebasco 
Services Inc., announces that F. C. 
Gardner is elected executive v-p. In 
addition, K. W. Reece is elected v-p in 
charge of engineering and construction, 
and W. H. Colquhoun is made engineer- 
ing mgr. 


e L. G. Tucker, Jr., engineering and 
construction dept, Koppers Co., Inc., re- 
turned from a recent business trip to 
England, France and Germany. G. W. 
Naylor, of the Washington office, accept- 
ed the chairmanship of the committee 
on chemicals and allied products under 
the Advisory Council on Federal Re- 
ports. 


e E. H. Schlitt, formerly a project en- 
gineer for Wolff & Munier, joined the 
air conditioning sales dept of The Trane 
Company. 


@ Flexitallic Gasket Company an- 
nounces the appointment of A. T. Erick- 
son as executive v-p. He comes to 
Flexitallic from Day & Zimmermann, 
Inc., with whom he was associated for 
approximately fourteen years. Among 
his recent projects were the Schuylkill 
River project and the rehabilitation and 
reactivation program, including design 
of additional facilities for the Lone Star 
ordnance plant at Texarkana, Texas. 


@ Dr. Sheppard P. Powell, consulting 
engineer, Baltimore, Md. is one of nine 
outstanding leaders in various fields 
who have accepted invitations to advise 
the Department of Interior in its saline 
and brackish water purification re- 
search program. 


e H. L. Shuldener, president, Water 
Service Laboratories, Inc., member of 
Association of Consulting Chemists & 
Chemical Engineers, Inc., will be the 
host to his fellow members, represent- 
atives of the press and other guests on 
December 11, 1952, at 5:00 P.M. Groups 
of visitors will be conducted by staff 
members through the laboratories and 
the permanent corrosion research ex- 
hibit. In addition to food for thought, 
—_ physical sustenance will be of- 
ered. 


® Schwarz Laboratories, Inc., have 
moved to 230 Washington St., Mount 
Vernon, N. Y. 


® Arthur D. Little, Inc., announces the 
opening of offices headed by J. R. Kirk- 
patrick, at Railway Exchange Bldg. 
St. Louis, Mo. 


® Emerson Venable is named a membe! 
of the board of the United Smoke Coun- 
cil of Pittsburgh and Allegheny County. 


(Continued on page 80. 
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TAS ATLAS 
GATE VALVES 
FEEDING THREE OR MORE HOPPERS: 
The horizontal crossfeed unit is designed to 
convey coal to a battery of hoppers; receives 
its fuel by transfer from any type of inclined 
or vertical Conveyor. 


FEEDING ONE OR TWO HOPPERS: 
This design conveys coal from the coal 
bin or pile on an inclined plane to 
feed one hopper or 

with ‘Y’ assembly 

to feed two 

hoppers. 









































Rising costs, going higher, have speeded 
up the need for automatic handling of coal 
—the lowest priced fuel. It will pay to 
look into the new developments by 
Canton Stoker, specialists in COAL 
FIRING, HANDLING, and CON- 
TROL equipment. 













CANTON "FLO-TUBE" COAL CONVEYOR SET UP ON FACTORY TEST FLOOR BEFORE 
SHIPMENT, SHOWING APPLICATION TO CANTON STOKERS DESIGNED FOR PACKAGE 
TYPE WATER TUBE BOILERS. THIS IDEAL INSTALLATION INCLUDED CANTON SYNCHRO- 
NIZED COMBUSTION CONTROL, CANTON “TURBO-AIRE” SMOKE CONTROL, TWO 
CANTON LO-SET RAMFEED STOKERS HOPPER FILLED BY CANTON FLO-TUBE FROM COAL 
BIN. STARTS AUTOMATICALLY AT LOW COAL LEVEL IN HOPPER... FILLS BOTH 
HOPPERS UNTIL DESIRED HIGH LEVEL IN HOPPERS IS REACHED. 









INSTALLATION AT A LARGE BAKERY IN PENNSYLVANIA. CANTON LO-SET THIS EFFICIENT LAYOUT FEATURING CANTON STOKERS AMPLY FULFILLS 
RAMFEED STOKERS FOR ANTHRACITE COAL INSTALLED UNDER STEEL EVERY HEAT AND POWER DEMAND OF A HUGE FURNITURE WAREHOUSE 
FIREBOX POWER BOILERS, INCLUDING BIN-TO-HOPPER COAL CONVEYOR AND SALESROOM IN MICHIGAN. COAL ELEVATOR AT LEFT, FLO-TUBE 
AUTOMATICALLY CONTROLLED, PLUS CANTON COMBUSTION CONTROLS. DIRECTLY OVERHEAD. 


REPRESENTATIVES IN PRINCIPAL CITIES — OR 
WRITE DIRECT FOR COMPLETE INFORMATION ON: 


ee Re ine smoke coninas ano ‘Ate MODELS OF 


CANTON STOKERS. 





425 ANDREW PLACE S. W. * CANTON, OHIO 
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® Evans Research & Development 
Corp. announce the establishment of a 
new and much enlarged organoleptic 
laboratory, to meet industry’s current 
interest in odors and flavors. 


@® Hugo Woerdemann, formerly con- 
sulting engineer with North American 
Aviation, Inc., and associates have an- 
nounced the formation of the Magnetic 
Research Corporation. The organiza- 
tion is devoted to research, develop- 
ment and production of magnetic de- 
vices. 


© P. R. Mallory & Co., Inc., announces 
appointment of Victor Welge as associ- 
ate director of engineering in the cen- 
tral engineering dept. 


@ D. R. McClung assumes the position 
of executive v-p of Pacific Power & 
Light Company and E. R. de Luccia be- 
comes v-p and chief engineer. 


® The Electric Power Connector Group 
of the Switchgear Section, National 
Electrical Manufacturers Association, 
has initiated an extensive study of all 
phases of the problem of making con- 
nections to aluminum conductors. The 
members have started a review of avail- 
able data and published information 
concerning the basic problems of ma- 
terial flow or creepage, surface pro- 
tection and electrolysis. As rapidly as 
possible, an application guide will be 
prepared for use by the Electric Utility 
Industry. This proposed guide will give 
the best possible recommendations for 
suitable connectors, methods of attach- 
ment to the conductor, protection of the 
joints, etc., along with proposals for 
proper evaluation of fittings for alumi- 
num conductors as compared with suit- 
able and time proven fittings for copper 
conductors. 


® Arthur D. Little, Inc., announces the 
establishment of an international div 
headed by A. G. Haldane, who was pre- 
viously with the U.S. Department of 
Commerce. The new div will serve to 
coordinate assignments so that clients 
abroad can draw upon the services of 
the company’s entire staff. 


® Reynolds Metals Co. awarded a joint 
general and mechanical contract for the 
construction of its Robert P. Patterson 
aluminum reduction plant at Arka- 
delphia, Ark. to Ditmars-Dickmann- 
Pickens Construction Co., of Little Rock, 
Ark., and W. S. Bellows Construction 
Co., of Houston, Tex. The joint contract 
included everything except structural 
steel and electrical work which will be 
contracted for separately. 


® Equipment & Controls Engineers, 
Inc., is the name of a new engineering 





80 


organization specializing in the design- 
ing and building of complete coordi- 
nated process controls. W. F. Gieryk is 
named president, and M. S. Jacobs v-p. 
The new firm is located at 814 Nobles- 
town Road, Pittsburgh 5, Pa. 


® Olsen and Urbain, Chicago architects, 
drew plans for the modern manufactur- 
ing plant being erected for Templeton, 
Kenly & Co. at Broadview, Ill. The 
single story, 96,000 sq ft plant is laid out 
for smooth-flowing, high efficiency pro- 
duction. 


@ Engineering Research Associates, 
Inc., announces the appointment of C. 
E. Swanson to the position of senior 
scientist. 


© Appointment of E. E. Schaffer and E. 
E. Williams as staff engineers is an- 
nounced by The Harold F. Howard 
Company. Schaffer formerly was as- 
sociated with the consulting firm of 
Kenneth A. MacIntyre Assoc. of Cleve- 
land and spent 17 years in the research 
dept of the General Motors central 
office in Detroit. Williams formerly was 
plant layout engineer for Detroit Lu- 
bricator Company. 


® In line with the expansion program 
of The Fairfield Engineering Company, 
J. H. Walker, president, appointed three 
men to new positions. The newly creat- 





W. H. Kuhn B. Rybicki 


ed post of genl sales mgr is filled by 
former contract div sales mgr, W. H. 
Kuhn. Taking over as sales mgr of the 
contract div is W. R. Reichenstein, 
former chief engineer. B. Rybicki as- 
sumes the duties of chief engineer. 


® York Corporation announces that is 
has received a contract to furnish equip- 
ment for a complete year-round air 
conditioning system for the Francis 
Marion Hotel, Charleston, S. C. The 
air conditioning system was designed 
by the consulting engineering firm of 
Newcomb & Boyd Company, Atlanta, 


Ga., and the overall air conditioning - 


contract is being handled by Reliance 
Engineering Company, Charlotte, N.C. 


Manufacture of cus- 
tom-designed con- 
veying and process- 
ing machinery has 
been put on a 
straight-line produc- 
tion basis in this new 
plant designed and 
built for Link-Belt 
Company by The 
Austin Company 


@ W. Hasenzahl, industrial engineer, is 
in charge of the $1 million expansion 
program for the Cincinnati plant of 
Trailmobile, Inc. The program includes 
an enlargement of the engineering dept, 
the removal of the service parts dept 
from the main plant in Oakley to a 
new location, and the utiiization of the 
additional space thus provided, for ex- 
panded production facilities. 


> 





C. F. Hauck 


W. Hasenzahl 


® Chemical Plants Div. of Blaw-Knox 
Construction Co. announces the pro- 
motion of C. F. Hauck to asst sales mgr 
of the div. In addition he will continue 
his duties as the division’s manager of 
sales promotion. 


® Two additions to the engineering and 
research staffs of Consolidated Engi- 
neering Corporation are announced by 
Philip S. Fogg, president. The appoint- 
ments include Dr. W. S. Brubaker as 
senior research physicist and Dr. P. 
Brock as engineering mathematician. 


® Initial operation of their first new 
wet-bottom type Cottrell electrostatic 
precipitator has been reported by 
Riegel Paper Corp. The new precipita- 
tor was supplied by Research Corpora- 
tion for Riegel’s new mill in Acme, N.C. 
which is reputed to be the world’s most 
completely instrumented mill. J. E. 
Sirrine Co., Greenville, South Carolina 
were the consulting engineers handling 
the installation. 


® Appointment of J. J. Barker as head 
of the process dept of Walter Kidde 
Nuclear Laboratories is announced. 
Four chemical engineers, K. E. Diehl, 
D. Mars, Dr. E. S. Roszkowski and J. F. 
Sheehan, were also appointed to the 
process dept staff. 


© S. R. Read is appointed staff engineer 
of Visi-trol Engineering Company. In 
his new capacity Read will serve as a 
full-time consultant on _ processing, 
planning and design of complete pro- 
duction lines for automotive and air- 
craft engines, automatic transmissions 
and related component parts. 


e J. D. Leonard, a chemical engineer 
with 15 years of widely varied chemical 
plant experience, joined R. S. Aries & 
Associates as a senior associate. R. A. 
Willinganz, formerly with Union Car- 
bide & Carbon Corp., heads the new 
Aries Detroit branch office located at 
15336 W. Warren Ave., Dearborn,.Mich. 


e P. M. Grennan, of Ford, Bacon & 
Davis, New York, is named consulting 
engineer for the new Grumman Air- 
craft Engineering Co. plant to be built 
at Calverton, Long Island. The Marietté 
Concrete Corp. in association with Pre- 
cast Building Sections, Inc., has beer: 
awarded a $14 million contract to fur- 
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nish 170,000 sq ft of precast, mnsulated 
concrete wall panels for the project. 
Work will start in mid-January, and is 
expected to be completed in June. 
Architects for the Grumman plant are 
Walker & Poor; the engineers, Seeley, 
Stevenson, Value & Knect. 


® The Georator Corp. announces for- 
mation of its Geophysical Exploration 
Div. to render engineering and explora- 
tion service in foundation, soil corrosion 
and prospecting work under supervision 
of E. R. Shepard, formerly in charge of 
geophysical foundation exploration, 
Army Corps of Engineers—U.S. Bureau 
of Public Roads. Well-logging and 
special electrical investigations are un- 
der supervision of S. Krasnow chief 
development and research engineer 
Geophysical Instrument Co., a div of 
Georator Corp. 


® Consolidated Engineering Co. holds 
the general contract on a new plant to 
be erected at York, Pa. for Caterpillar 
Tractor Co. Included on the 200-acre 
site will be a manufacturing plant of 
approximately 370,000 sq ft, heating 
plant and office building. In addition, 
the company recently executed a long- 
term lease on a 300,000 sq ft, one-story 
warehouse and parts processing plant 
to be located adjacent to the manufac- 
turing site. 


® The Trundle Engineering Co. com- 
pleted a period of self-consultation and 
recommended for themselves a new 
building. “Its rather unusual for a 
management engineering firm to own 
its own building,” George T. Trundle, 





Jr., president of the company, said. “We 
arrived at the decision to build by sur- 
veying our own problem as if we were 
one of our clients.” For the past 15 
years, the company occupied the ninth 
floor of the Bulkley Building in down- 
town Cleveland. 


® Frederic R. Harris, Inc., is engaged 
as engineers and consultants on design 
and construction of a graving dock to 
be located in Puerto Cabello, Venezu- 
ela. The project is under the direction 
of Dr. Nouel. 





CLASSIFIED ADVERTISING 





GOODWILL AMBASSADOR 
FOR CONSULTING ENGINEERS, with 
dynamic but diplomatic personality, ca- 
pable of appeasing clients and getting 
new contracts, with many years proven 
record of accomplishments. Registered 
engineer several states. Could also su- 
pervise and coordinate design and con- 
struction. 

Box 12-A 

CONSULTING ENGINEER 

420 Main Street St. Joseph, Mich. 
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For 2500 pound 
Service— 


Reliance Super-Duty Gages 


Rugged all-welded direct-to-drum assemblies 


Various combinations of Reliance Gage 
Valves, Gage Inserts and Illumination have 
been supplied to power plants since 1940 when 
Code changes called for two water gages on 
boilers operating over 400 p.s.i. Assemblies 
for higher pressures feature single, double or 
triple window inserts welded to flanges for 
valve connection in “L” end construction. 
Units for pressures to 900 p.s.i. can be made 
in tie-bar construction. 


Reliance Micasight insert is recommended 
for higher pressures as by far the safest type 
known. Windows of selected mica are clamped 
securely under slotted cover plates — have 
many times the life of glass. Mica-protected 
Flat Glass inserts are available for lower pres- 
sures, recommended only to 1500 p.s.i. Effi- 
cient illumination, an extra, can be supplied 
for all types of gage assemblies. 

Send specifications — pressure, visibility 
length, etc. — for recommendations and price. 





From 900 to 
2500 p.s.i. 














The Reliance Gauge Column Co. 
5902 CARNEGIE AVENUE @ CLEVELAND 3, OHIO 
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Selection of INpustR1AL PLANT SITES 
is an important responsibility of the 
consulting engineer. “Your Opportuni- 
ty for Industrial Progress,” a 16-page 
booklet, extends an invitation to locate 
in west-central Ohio. The publication 
describes what requirements manage- 
ment looks for in a plant site and 
also what transferred employees want. 
Results of a survey conducted by the 
company’s Area Development Dept. 
are presented to show how this area 
satisfies the requirements. Important 
factors such as electrical power, gas 
service and transportation facilities 
also are outlined. The Dayton Power 
and Light Co., 25 North Main St., Day- 
ton, Ohio. 


Advantages of Chicago’s Near South 
Side as a SrTe ror INDUSTRIAL RESEARCH 
LABORATORY FACILITIES are discussed in 
a 4-page folder. The report cites Chi- 
cago as having more laboratories for 
industrial research than any other 
major U.S. city. Typical laboratories 
are mentioned. South Side Planning 
Board, Morris H. Hirsh, Exec. Director, 
2018 S. Calumet Ave., Chicago 16, Ill. 


“All Under One Roof,” 6-page folder, 
explains a variety of TecHNIcAL SER- 
vices offered by an organization of con- 
sulting and development engineers. 
These services include research, legal 
testimony based on investigations, en- 
gineering services, non-destructive 
testing and inspecting, and various 
other types of testing and analysis. 
Sam Tour & Co., Inc., 44 Trinity Place, 
New York 6, N. Y. 


Facilities for the Dresicn AND MANnu- 
FACTURE OF SPECIAL EQUIPMENT are de- 
scribed in 24-page bulletin 145. Ilus- 
trations show many types of machinery 
which have been built by this com- 
pany. A list includes equipment for 
gas producers, coal and ore handling 
machinery, coke oven machinery, 
mine hoisting equipment, steel works 
equipment, and special cranes. The 
Wellman Engineering Co., 7000 Cen- 
tral Ave., Cleveland 4, Ohio. 


Engineers concerned with INDUSTRIAL 
LicuT1nc should find the 1952 edition of 
the RLM standard specifications, 44- 


BOOKLETS 








page booklet, of considerable value. 
Presented are detailed specifications of 
18 of the most commonly employed in- 
candescent and fluorescent industrial 
lighting units. New and revised specifi- 
cations are included. New tables of 
typical coefficients of utilization and 
light distribution curves are con- 
tained in this edition. RLM Standards 
— 326 W. Madison St., Chicago 
6, Ill. 


AMERICAN STANDARD PRACTICE FOR 
INDUSTRIAL LIGHTING, 40-page booklet, 
will be of interest to engineers and 
architects concerned with lighting sys- 
tems. The booklet, a second edition, 
has been revised to meet today’s su- 
perior requirements. It has received 
full approval of the ASA. Necessary 
quantities of illumination, qualities of 
light sources, distribution and diffu- 
sion, brightness ratios and reflective 
values of surrounding areas, are ex- 
plained and recommended. A table lists 
general characteristics of industrial 
tasks and recommended lighting tech- 
niques for each. Publications Office, 
Illuminating Engineering Society, 1860 
Broadway, New York 23, N. Y. Price, 
50 cents. 


To acquaint architects and engineers 
with Coxtp CatHope LIGHTING, a series 
of 5 folders have been prepared. Ques- 
tions such as what it is and why it is 
used are answered in a general bulle- 
tin. Advantages and possibilities also 
are pointed out. Other folders deal with 
school. industrial. commercial and cus- 
tom lighting. Electrical, construction 
and transformer data are included. 
Chicago Electrode Laboratories, Pub- 
lic Information Dept., 220 N. Fourth 
St., St. Charles, IIl. 


One of the fields in which Ion Ex- 
CHANGE holds great promise is in the 
recovery of valuable metals from dilute 
solutions resulting from various manu- 
facturing processes. Information on the 
subject is contained in a 9-page reprint 
3737-7, “Metal Recovery By Ion Ex- 
change.” Tables, charts and other data 
illustrate some of the forms in which 
metals are present in solutions, and 
tell how they could be economically 
recovered. The Permutit Co., 330 West 
42nd St., New York 36, N. Y. 


INDUSTRIAL WASTE TREATMENT GUIDE. 
8-page bulletin B-I-F 4, contains a 
highly useful table showing the differ- 
ent types of combinations of unit 
treatment processes for more than 50 
wastes. Other tables show equipment 
used in several unit treatment proc- 
esses. A flow diagram shows how vari- 
ous treatment processes and equip- 
ment may be combined to treat mixed 
wastes. Builders-Providence, Inc., P. O. 
Box 1342, Providence 1, R. I. 


REFRACTORY MATERIALS, known as 
super refractories, are described in 20- 
page booklet 5120. The literature de- 
scribes these materials as possessing a 
wide range of properties. Quick refer- 
ence tables aid the engineer in select- 
ing the proper material. Properties 
such as corrosion and abrasion re- 
sistance, hot strength, chemical inert- 
ness and thermal conductivities are dis- 
cussed. The Carborundum Co., Refrac- 
tories Div., Perth Amboy, N. J. 


CoNVEYER TERMS AND DEFINITIONS, 64- 
page manual, lists standard nomencla- 
ture, adopted by the Conveyer Equip- 
ment Manufacturers Assoc., for ap- 
proximately 1500 conveyer types and 
parts. Line drawings are used to illus- 
trate some of the units. The glossary 
is designed to save time and money 
and avoid confusion for both users and 
manufacturers of conveying equipment. 
An attempt has been made to define 
each conveyer by what it is, rather 
than by what it does. Conveyer Equip- 
ment Manufacturers Association, One 
Thomas Circle, Washington 4, D. C. 
Price $1.00. 


OVERHEAD ‘TRANSPORTATION SYSTEMS 
are described in 8-page bulletin 108. 
Construction, advantages and specifi- 
cations for various types of monorail 
systems to meet most existing head- 
room, load and span requirements, are 
presented. The publication also de- 
scribes various types of switches, trol- 
leys, cranes, yoke assemblies, and a 
shielded electrification system. The 
Forker Corp., 2044 Random Rd., Cleve- 
land 6, Ohio. 


INSULATED PRECAST CONCRETE WALL 
PANELS, designed for quick, low-cost 


- curtain wall construction, are described 


in 4-page folder 4279. How the panels 
are produced, how they are used and 
the many advantages are discussed. 
The Marietta Concrete Corp., Mari- 
etta, Ohio. 


Complete data and specifications for 
CORRUGATED ASBESTOS-CEMENT ROOFING 
AND SIDING are presented in an 82-page 
manual. Methods of application and 
erection are described. Recommended 
applications, together with shipping in- 
formation and information required in 
estimating quantities, also are included. 
The Philip Carey Mfg. Co., Dept. FCM, 
Cincinnati 15, Ohio. 


(Continued on page 84) 





Personal copies of booklets can be obtained by writing directly to the manufacturers. Please mention this magazine. Thank you. 
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perfected engineering 


precision manufacture 


certified ratings 











my 


responsible guarantees 





of dependable performance 


Wherever air is handled mechanically, whether for ventilation, 
heating or process, the name New York Blower enjoys an envi- 
able reputation. nyb on a product means that the engineering 
knowledge acquired through sixty-one years of manufacturing 
experience and development is built into it. 

Are you using AIR to the best advantage in your production 
methods to cut costs, increase efficiency, reduce absenteeism, safe- 
guard health, bring comfort to workers...or applying it to process 
control for precision manufacture and more uniform products? 

When working on your air handling problems, consult the 





nyb representative nearest you in our nationwide service. 


write for bulletins oh 
[a 


y// THE NEW YORK BLOWER COMPANY 


SALES OFFICES * 32nd STREET and SHIELDS AVENUE ¢ CHICAGO 16 
FACTORY, LAPORTE, INDIANA 
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Pocket size catalog 800 is designed 
to serve as a handy reference guide for 
architects and engineers. It contains 
84 pages of ideas, illustrations and data 
on how to frame, hang, mount and 
support all kinds of mechanical and 
electrical equipment with ADJUSTABLE 
Att-Purpose Meta Framinc. Included 
are useful reference tables, graphical 
symbols and specifications. Unistrut 
Products Co., 1013 W. Washington 
Blud., Chicago 7, Ill. 


Designers and architects will find 
detailed information on practically 
every type of SareTy TREAD APPLICA- 
TION in a file folder containing 28 data 
sheets. Details are given on abrasive 
cast and safe groove treads, expansion 
plates, platforms, curb bars and floor 
grids. Cross-sections, together with 
dimension drawings and typical instal- 
lation and mechanical specifications, 
are given. Wooster Products, Inc., Dept. 
CE102, Wooster, Ohio. 


A Comptete Line or Gtass FIBER 
AcousTIcAL INSULATIONS, 4-page folder, 
describes three available insulation 
types. Physical properties of each, 
such as sound absorption and thermal 
conductivity, are outlined. The litera- 
ture then points out the qualities the 
three have in common, including their 
principle uses, their ease of applica- 
tion, and the choice of facings avail- 


able with each. Sizes and dimensions 
also are given. Gustin-Bacon Manu- 
facturing Co., 210 W. 10th St., Kansas 
City, Mo. 


ALUMINUM PROJECTED WINDOWS AND 
ProJEcTeD RIBBON Winpvows are _ the 
subject of 16-page catalog APW53. 
Among the products shown is a new 
type projected ribbon window. Cross- 
sections show shapes and dimensions. 
Possible window combinations are 
listed, and necessary installation details 
are presented. Advantages and specifi- 
cations also are tabulated. The William 
Bayley Co., C. H. Thompson, Sales 
Mor., Springfield, Ohio. 


ADVANCEMENTS IN Woop RESEARCH AND 
TIMBER ENGINEERING, a 32-page_ bro- 
chure, has been published to acquaint 
engineers with the overall operations 
of this company, an affiliate of National 
Lumber Manufacturers Association. 
Applications for wood trusses in both 
light and heavy construction are among 
the developments described. A list of 
available publications given in the 
booklet, should be of interest. Timber 
Engineering Co., 1319 Eighteenth St., N. 
W., Washington 6, D.C. 


Reduced construction time is one of 
the important advantages of inter- 
locking STEEL FRAMING, according to a 
16-page booklet. What it is, what type 
of construction it is used for, and what 
structural advantages it offers are a 
few of the topics discussed. Advan- 
tages such as nailability and design 
latitude are described. NAILABLE STEEL 





EXTRA YEARS 


OF MORE DEPENDABLE POWER 
and at less cost per pound of steam 


TODD BURNERS 


GAS OR OIL 


COMBUSTION EQUIPMENT DIVISION 


TODD SHIPYARDS CORPORATION 


81-16 45th Avenue 


Elrahurst, Queens, N. Y. 











Joists are presented in a second booklet. 
In addition to describing the various 
types, this 32-page publication contains 
all information required to acquaint a 
designer with their uses and possibili- 
ties. Macomber, Inc., Canton, Ohio. 
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INSULATED METAL WALLS AND PREFAB 
Watt PaNnets are described in a 12- 
page brochure. Many advantages are 
listed, such as attractive exteriors and 


interiors, possibilities for individual 
architectural treatment, and econo- 
mies gained through rapid erection. 
Specifications and typical construc- 
tion details are presented. The R. C. 
Mahon Co., P. O. Box 4666, Detroit 34. 


Cuiap STEEL Construction is featured 
in the literature of this company. 
Various types of clad steels are pro- 
duced to meet a wide range of appli- 
cations. One interesting use is in con- 
nection with the design of coal han- 
dling equipment, described in 4-page 
folder 584. Another booklet, No. 602, 
12 pages, describes the easy, low cost 
maintenance involved. Lukens Steel 
Co., Coatesville, Pa. 


“The Inside Story,” a 4-page folder, 
describes the design features of ELEc- 
TROSTATIC PrReEcIPITATORS developed for 
sodium salt recovery in soda and sul- 
phate pulp mills. Discussed are such 
topics as the construction of inlet and 
outlet flues, wet bottom design, elec- 
trical equipment and electrodes. Re- 
search Corp., Bound Brook, N. J. 


High efficiency Dust CoLLEcTION in 
woodworking plants is the subject of 
bulletin 382. It shows how cloth-tube 
collectors are being used to improve 
plant housekeeping and reduce certain 
operating costs at the same time. Ameri- 
can Wheelabrator & Equipment Corp.. 
1123 S. Byrkit St., Mishawaka, Ind. 


InpDUSTRIAL Dust CONTROL AND RE- 
COVERY, 40-page booklet 800, presents 
technical information and data on the 
solution of industrial dust collection 
problems. Descriptive information and 
specifications on five basic types of dust 
control equipment are included. Photos 
of actual installations suggest applica- 
tions. Dracco Corp., Harvard Ave. and 
East 116th St., Cleveland 5, Ohio 


Chapter 6 of the Air PoLLuTION ABATE- 
MENT Manuva, “Sampling Procedures 
and Measuring Equipment,” 40 pages. 
by Dr. Paul L. Magill of the Stanford 
Research Institute, sets forth the princi- 
ples and methods to be followed in the 
collection of samples used for the study 
of air pollution problems. Also con- 
tained in this publication are descrip- 
tions of the various types of sampling 


CONSULTING: ENGINEEF 











hy mh OD 


neces ne te OO ek ek ee a ms Oe ee TH mo 


a étenine pied, tie . ae 


let. 
ous 
‘ins 
ta 
ili- 


) 
r 
1 
l 














equipment. Manufacturing Chemists’ 
Association, Inc., Woodward Building, 
15th and H Streets, Washington 5, D. C. 
Price, 75 cents. 


Engineering data concerning SPREADER 
SToKERs installed to burn refuse or wood 
are contained in 24-page booklet 505. 
Photos and side elevation drawings 
show special features. Stationary, man- 
ual dumping, power dumping and 
traveling grate installations having 
maximum capacities from 10,000 to 275,- 
000 lb steam per hr are described. De- 
troit Stoker Co., General Motors Bldg., 
Detroit 2, Mich. 


Construction and design features of 
2-drum Water Tuse Borers with in- 
tegral water wall elements are described 
in 20-page brochure SB43. Factory as- 
sembled units, up to 300 hp, are de- 
scribed for underfeed stoker, spreader 
stoker, oil or gas firing. Larger units for 
field erection also are discussed. Actual 
installations are presented. Erie City 
Iron Works, Erie, Pa. 


Facts concerning construction and 
operation of a shop assembled WATER 
Tuse Borer are presented in 6-page 
folder B-3275. Front and side elevation 
drawings give dimensions. Burners can 
be supplied for most types of oil and 
gas. Capacities are 7500 to 27,500 lb per 
hr. The Titusville Iron Works Co., Div. 
of Struthers Wells Corp., Titusville, Pa. 


Advantages of Om Boosters for heat- 
ing oils, bituminous or heavy viscous 
materials, are the subject of 4-page fold- 
er AD-108. Units are available with 
burners for light or heavy oil, or gas. 
Specifications and typical installations 
are presented. Cleaver-Brooks Co., 
Road Machinery Div., 326 East Keefe 
Ave., Milwaukee 12, Wis. 


Explained in 8-page bulletin 73 is the 
theory of how a ConicaL Non-SEGREGAT- 
Inc Coat CHUTE prevents segregation. 
Photos show actual installations with 
various types of stokers. Various acces- 
sories also are shown, such as dust- 
tight slip joint connections between 
distributor and stoker, drive gates to 
permit shutting off of the flow of coal to 
each individual stoker hopper section, 
and a paddle-type coal stoppage alarm. 
Stock Equipment Co., Hanna Bldg., 
Cleveland 15, Ohio. 


Independent direct fired Unit Heat- 
ERS are the subject of 8-page bulletin 
GNC. Oil, gas or combination oil-gas 
burners can be supplied. Advantages 
and typical applications are discussed. 
Construction is shown in a cutaway 
view. Specifications and dimensions are 
listed for models with output from 
100,000 to 2,000,000 Btu per hr. Portable 
units as well as floor mounted and sus- 
pended types are shown. Prat-Daniel 
Corp., Thermobloc Div., 2 Meadow St., 
South Norwalk, Conn. 


How Screw ConveEYERS can be em- 
ployed as a simple, money saving 
means of handling coal and other ma- 
terials is described in a 4-page folder. 
Photos picture actual installations 
showing how equipment can be applied 
to feed directly from storage bins. Can- 
ton Stoker Corp., Andrew Place S. W., 
Canton, Ohio. 
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the new all-plastic cycLOFLow 


: J 
© fingertip control! ° °% t corrode! 


e can’t contaminate! 


Developed by American for controlling cycles of flow in ion-exchange 
equipment, the CycLorLow, a new all-plastic single control valve, is 
completely impervious to acids and alkalies. Manufactured of inert 
materials, it eliminates the costly problems of corrosion. 

The Cyc.orLow assures complete protection for the extremely high 
purity of the water obtained from American Demineralizers. It elim- 
inates the possibility of contamination from raw water or corrosion 
products, by providing an isolated section connected to waste between 
the outlet and all sources of contamination. 

Requiring a minimum of torque for operation, the CycLorLow is 
ideally adapted to either manual or automatic control. Positive valve 
action is provided with four double acting pistons actuated by a 
simple integral fingertip control. The American design eliminates 
spring loading and large unbalanced areas and flat surfaces which 
inherently result in leakage. 

The CycLorLow can be completely disassembled with a pocket 
wrench in 15-20 minutes without removing piping connections. 

Complete details on this new valve development are available on 
request. Write today for information. 





SERVICE SINCE 1902 TO THE INDUSTRY 


AMERICAN Clee Zoflener COMPANY 


FOURTH AND LEHIGH AVENUE © PHILADELPHIA 33, PENNSYLVANIA 


OEAERATORS + HOT PROCESS SOFTENERS + REACTORS + FILTERS + ZEOLITE SOFTENERS « 
HYDROGEN SODIUM ZEOLITE SOFTENERS + DEMINERALIZERS + CHEMICAL FEEDERS 


CHLORIDE DEALMALIZERS «© AERATORS & DEGASIFIERS 
+ CONTINUOUS SLOWDOWN + SWIMMING POOL EQUIPMENT 
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BOOKLETS 


General consideration in designing 
ash and dust handling systems for 
steam plants are outlined in 8-page 
brochure 652. A schematic drawing of 
a Pneumatic System and concise de- 
scriptions of component parts are in- 
cluded. The Allen-Sherman-Hoff Co., 
217 N. 15th, Philadelphia, Pa. 


—Starts on page 82 


Mopbern Practices in Hospirat VEN- 
TILATION, 20-page booklet 1510, has been 
prepared to serve as a quick reference 
guide for engineers and architects con- 
cerned with hospital design. General 


ventilating needs are explained, and 
recommended air changes are listed. 
Photos illustrate actual solutions to 
ventilating problems in large and small 
hospitals—both old and new. ILG Elec- 
tric Ventilating Co., 2850 N. Crawford 
Ave., Chicago 41, IIl. 


How To SEtEct A Heat EXCHANGER is 
the title of a data section included in 
a 16-page bulletin. Design features, 
construction, advantages, specifications 
and applications of various types of 
heat exchangers are included. Such 
equipment as evaporators, feedwater 
heaters, pressure vessels and fabricated 
plate work, prefabricated piping and 
welded steel pipe also are described. 
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-» apply the same 
reasoning to your electrical 
specifications 








DE-RATING of circuit breakers is like going to the 
expense of a large pipe line, then installing small 
valves. Isn’t it foolish to install wiring rated at 20 
amperes, then use circuit breakers or fuses that de- 


rate the system to 12 amperes or less? 

HEINEMANN Circuit Breakers never need r 
de-rating . . . because their operation is not affected 
by room or panel box temperature. In addition, Gauug 
Heinemann Circuit Breakers do not generate heat 
within themselves . . . do not em- 
ploy thermal elements... the very factors that would 
necessitate derating. Yet, Heinemann provides the fast- 
est circuit interruption available for short circuits, and 
proportioned response to allow for harmless overloads. 

With HEINEMANN, 20 amperes means 20 amperes. 
It is extra capacity available without extra cost . . . to 
handle the future changing needs of your buildings. 


Send for your copy of 
“What You Should Know About Circuit Breakers”. 


don’t use heat... USE POWER 





HEINEMANN ELECTRIC COMPANY 
127 Plum Street * Trenton 2, New Jersey 
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Alco Products Div., American Locomo- 
tive Co., 320 South Roberts Road, Dun- 
kirk, N. Y. 


Construction, operation and applica- 
cation features of 9 and 13 in. bore, 4 
cycle, DirrseEL DuaL FuEL AND SPARK- 
Firep Gas ENGINES are contained in 12- 
page bulletin 205. Discussion of pres- 
sure lubrication together with descrip- 
tions of high velocity cooling, the fuel 
systems and design characteristics are 
presented. Ratings, weights, dimension 
and standard equipment are tabulated. 
Nordberg Manufacturing Co., 3073 S. 
Chase Ave., Milwaukee 7, Wis. 


Construction of Compressors devel- 
oped for applications requiring oil-free 
compressed air or gas is shown in 4- 
page folder 600. Units incorporate steel- 
backed carbon cylinder liners. They 
are horizontal single-stage, double-act- 
ing and horizontal double-acting, two 
stage types. Pennsylvania Pump and 
Compressor Co., Easton, Pa. 


Smaller and lighter, but for heavy- 
duty service, is the description for a 
DrrseL ENGINE discussed in 12-page 
bulletin 10027. Three models are listed, 
ranging from 200 to 380 hp at 900 to 
1000 rpm. Specifications, weights, per- 
formance curves, and dimension tables 
are included. Ingersoll-Rand Co., 11 
Broadway, New York 4, N. Y. 


PREFABRICATED INSULATED PIPING Sys- 
tems for underground piping of steam, 
hot water, oil, process liquids and gases, 
are the subject of 4-page folder 5205. 
Advantages, construction, applications, 
types of joints and typical installations 
are discussed. Also presented are pre- 
fabricated tunnel systems, manholes 
and sectional conduit systems for pro- 
tection of underground insulated pip- 
ing. The Ric-wiL Co., Union Com- 
merce Bldg., Cleveland 14, Ohio. 


Published to acquaint engineers with 
facts concerning Puririers, 8-page bul- 
letin 700 discusses units for removal 
of entrainment in live steam, exhaust 
steam, compressed air, vapors and com- 
pressed gases. Diagrams are employed 
to illustrate how many different types 
are used to perform various purification 
problems. V. D. Anderson Co., 1935 
West 96th St., Cleveland 2, Ohio. 


Applications for Pre-SEaLep INsu- 
LATED Pipe, described in 4-page folder 
6C, include underground and weather 
exposed piping systems conveying hot 
or cold liquids, gases and steam up to 
1000 psi. The bulletin describes special 
features, as well as construction, fabri- 
cation and specifications. Durant Insu- 
lated Pipe Co., Palo Alto, Cal. 


Quick reference catalog CC-400, 16 
pages, contains brief descriptions of 
seamless and strip wound FLEXIBLE 
MetTAL Hose AND TuBING. Specifications 
for fittings also are presented. Materi- 
als of construction, suggested applica- 
tions and engineering data are listed in 
tables. American Metal Hose Branch, 
The American Brass Co., Waterbury 
20, Conn. 


(Continued on page 88) 
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YARWAY REMOTE LIQUID LEVEL INDICATOR 


(Manometric type with automatic temperature compensation) 


many, applications ‘cod? 
Ad your design needs 


e of the Yarway Remote 
ding to a variety of instal- 
t. 
accurate level indication 
he Yarway Indicator is 
by the pressure differential 
fe varying head. Magnetic 


3, or Bulletin WG-1830 
r the same applications. 


G COMPANY 


Philadelphia 18, Penna. 
PRINCIPAL CITIES 


Super-heater pres- 
sure differential indi- Liquid level indication 
cation (for marine use) above open tank. 


Boiler water level in- Liquid level indicae 
dication on boilers . tion on feed water 
over 600 Ibs. heater. 


YAR WAY REMOTE LIQUID LEVEL INDICATOR 





























































- ; 7 
69 pages of engineering reference notes on 
maintaining metal in power, manufacturing and 
Service-industry equipment 


For consulting engineers concerned with corrosion 
protection of mechanical equipment we have compiled this 
distillation of thirty-five years’ experience in the field of engi- 
neered metal surfacing. Here, in easy-to-find concise form, are 
recommendations geared to specific equipment operating necds 
— tab-indexed for quick reference to major categories . . . as 
Power Equipment, Steam Generating, Feedwater Handling .. . 
and cross-indexed, too, for direct reference to type of equipment. 
Designed to serve as a guide to accepted methods as well as 
advanced thought and practice in the rapidly developing field 
of industrial corrosion control, Dampney’s Maintenance Record 
Book, still in its first edition, is already a well-thumbed reference 
source in many a consultant’s library. Mailing of your copy — 
registered in your name so that you will automatically receive 
future revisions with latest corrosion control data, awaits only 
word from you on the coupon below, or by letter, as you prefer. 


AMPNEY 










| MAINTENANCE 

















FOR METAL 
c oO M 
HYDE PARK, BOSTON 36, MASSACHUSETTS 
Send me at no obligation — my copy of Dampney's Maintenance Record Book. 
NAME 
COMPANY 
STREET 
CITY ZONE STATE 
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BOOKLETS 


—Starts on page 82 


Five tests for positive identification 
of Wroucut Iron Pir are described in 
a 4-page pamphlet. The booklet also 
explains why recognition of piping ma- 
terial is important and tells how to pro- 
tect against the use of substitutes. A. M. 
Byers Co., Clark Bldg., Pittsburgh, Pa. 


Basic designs of CoRRUGATED EXPAN- 
SION JOINTS are described in 20-page 
brochure CMH-127R. To aid engineers 
in proper selection and application, 
the booklet presents a table of thermal 
expansion, discussions of design con- 
siderations, tables of axial and lateral 
motion, descriptions of construction 
materials, diagrams of typical installa- 
tions, and installation data. Specifica- 
tions for many types are tabulated. 
Flexonics Corp., 1335 South Third Ave., 
Maywood, IIl. 


Described in 4-page folder PDS- 
8501 are PuLsaTION DAMPENING PIPING 
Systems designed for any type gaseous 
stream at operating pressures from 
vacuum to 5000 psi and at any tempera- 
ture. Advantages and principles of op- 
eration are discussed. The Fluor Corp., 
Ltd., 2500 S. Atlantic Blvd., Los Angeles 
22, Cal. 


General purpose, cradle-mounted 
CENTRIFUGAL Pumps are the subject of 
16-page brochure 7223. Five basic 
cradle groups and 17 corresponding 
pump types are presented. Capacities 
of 5 to 2400 gpm are listed for pres- 
sures of 10 to 500 ft total head. Dimen- 
sions, applications and a table of per- 
formance are included. In addition, 
special purpose units and design modi- 
fications are described. Ingersoll-Rand 
Co., 11 Broadway, New York 4, N. Y. 


Seals and stuffing boxes are elimi- 
nated in a recently developed CENTRIF- 
UGAL Pump described in a 4-page folder. 
A large cutaway view shows construc- 
tion details. Many advantages gained 
by the new design are outlined. Ac- 
cording to the bulletin, the unit will 
handle any clear liquid and many slur- 
ries. Chempump Corp., 1300 E. Mer- 
maid Lane, Philadelphia 18, Pa. 


ConDUIT FOR UNDERGROUND POWER AND 
ComMUNICATION CircuIts is the subject 
of a 4-page folder. In addition to the 
standard round type, a new flat-sided 
type is presented. Construction materi- 
als, specifications and advantages are 
listed. Spacers and other accessories 
also are described. Soapstone Duct Co., 
110 Linfield Drive, Menlo Park, Cal. 


Basic PRINCIPLES OF Eppy-CURRENT 
MAcHINERY, a section of 16-page bul- 
letin GBI, explains the fundamental 
principles of generating torque by 
means of eddy-current devices. An- 
other section, “Characteristics of Ro- 
tating Equipment,” contains engineer- 
ing data. Descriptions are included: of 
typical eddy-current equipment such 
as adjustable speed drives, couplings, 
brakes, dynamometers and _ clutches. 
Dynamatic Corp., Kenosha, Wis. 
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Moror-Drive Is More THAN Power, 4- 
page folder A-2703, is intended to serve 
as an introduction to the company’s 
principal products. Included are brief 
descriptions of a-c motors from 3% to 
300 hp; heavy duty d-c motors from 3% 
to 1000 hp; all-electric adjustable speed 
drives for a-c circuits, from 3% to 300 
hp, and electronic controls and regu- 
lators for this motor-drive system; and 
motor-generator sets, generators, and 
rotating regulators. Reliance Electric & 
Engineering Co., 1088 Ivanhoe Road, 
Cleveland 10, Ohio. 


ELECTRICAL EQuiIPpMENT for the gener- 
ation, transmission, distribution and 
utilization of power in oil field and 
pipeline applications is described in 
20-page booklet GEC-926. The opera- 
tional problems of drilling and pump- 
ing are discussed, and recommenda- 
tions are made to meet specific needs. 
Charts, tables and graphs are included. 
General Electric Co., Schenectady 5, N.Y. 
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Because demands for INDUSTRIAL TuUR- 
BINE-GENERATORS vary considerably, 20- 
page booklet B-5418 describes the six 
primary types. Installation data on 
representative applications in the tex- 
tile manufacturing, metals, paper, 
lumber, chemical and process, petro- 
leum, and food industries are pre- 
sented. Westinghouse Electric Corp., 
Box 2099, Pittsburgh 30, Pa. 


Sarety MINERAL INSULATED WIRING 
System, 24-page booklet, contains the 
history and explanation of outstand- 
ing characteristics and applications of 
this wiring system. The wiring is de- 
scribed as being made up of one or 
more conductors, spaced and insulated 
with a non-combustible mineral insu- 
lation and encased in a seamless metal- 
lic tubing. General Cable Corp., 420 
Lexington Avenue, New York 17, N. Y. 


Wuat You SHouLD Know Asout Cir- 
curr BREAKERS, 16-page manual 101, is 
written specifically for consulting en- 
gineers, architects and contractors. In- 
cluded are explanations of the oper- 
ating principles and simplified dia- 
grams of the three basic types. Explan- 
ations, charts and diagrams deal with 
temperature factors, inrush current ef- 
fects, tripping and reset time, quick and 
slow make-and-break, and wire de- 
terioration rates. Heinemann Electric 
Co., 310 Plum Street, Trenton 2, N. J. 


REPORT ON ALUMINUM ELECTRICAL 
ConpuctTor, an 8-page article published 
by National Electric Contractors Assn., 
points out problems involved when 
using aluminum conductors, and_ dis- 
cusses solutions. Factors governing 
choice of conductor material also are 
discussed. The Thomas & Betts Co., 
Elizabeth 1, N. J. 
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for vaiving corrosive 
and “hard-to-handle’’ fluids ... 


HILLS-MCCANNA 
offers auer 20,000 different 


“eystom-made'’ assemllies on 








32 standard operators 


Methods of operation for Hills- 
McCanna Valves include hand- 
wheel and lever operators, sliding 
stem, air and hydraulic cylinders, 
diaphragm motors and electric 
motors in a variety of types. 


14 standerd diaphragms 


Diaphragms, the heart of Hills- 
McCanna Valves, are offered in 
the widest choice to best suit your 
individual needs; 5 types of rub- 
ber, 3 of Neoprene plus Hycar, 
butyl, Tygon, Compar, special 
polyethylene and Kei-F. 


48 standard body materials 


Bodies for Hills-McCanna valves 
are furnished in cast iron, with or 
without such linings as rubber, 
glass, lead, etc.; in any machin- 
able alloy or in such materials as 
Karbate, stoneware, porcelain, etc. 





By offering such a broad selection of opera- 
tors, diaphragms and bodies, Hills-McCanna 
is able to furnish so many standard combi- 
nations that the user is in the position of 
being able, in most cases, to find the exact 
valve that best fits his individual require- 
ments. There is virtually never any need to 
adapt to your service a valve developed 
for someone else’s needs. 

The 36 page catalog No. V-52 gives full 
details on all Hills-McCanna Valves. Write 
for your copy. HILLS-McCANNA CO., 2400 
W. Nelson St., Chicago 18, Illinois. 








HILLS-M‘CANNA 
Also Manufacturers of Proportioning Pumps 
Force Feed Lubricators ¢« Magnesium Alloy Castings 
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Tilt-Up Design 


—Starts on page 63 


Ground upon which the plant is constructed was non- 
existent just a short while back. The Los Angeles Harbor 
Dept. provided the land on an eastern section of Outer 
Fish Harbor. This was accomplished by dredging and 
filling an area 400 by 800 ft. A total of 350,000 cu yd of 
sand dredged fill was used. The complete structure is 
supported on 600 piles, 40 by 60 ft in length, to provide 
maximum stability and high resistance to earthquakes. 

General contracting was under the direction of M. A. 
Nishkian and Co., while Wohl-Calhoun Co. handled the 
procedure of the pre-cast tilt-up construction and the 




































general contracting in relation to the building shell. Two 
hundred panels of varying sizes were used, the largest 
measuring 20 by 34 ft and weighing as much as 30 ton. 

Wall panels were poured on the floor slab. To prevent 
adhesion between panel and floor, a bond breaking tech- 
nique known as Hunts Process was used. Before erec- 
tion, panels were allowed seven days to cure. Immedi- 
ately before placing the panel, the footing groove was 
filled with a mixture of cement, water and sand to serve 
as an adhesive between the base and the panel. This 
type of construction is reported to have saved 40 per 
cent over the conventional poured concrete ‘method. 


Dual-Purpose Plants Are Cited as 
Efficient Solution of Defense Problems 


Dual-purpose plants capable of manufacturing either 
civilian or defense products, or both, in quantities to 
meet whatever international situation may exist, are 
the most economical and efficient solution to preparing 
for national defense. John F. Gordon, vice president 
of General Motors Corp., made that statement at a 
recent meeting of engineers in Detroit. 

“Properly prepared and utilized industrial production 
is one of the most decisive factors in any international 
conflict,” Mr. Gordon said. “If the industry defense 
program is to be adequate for an indefinite period, it 
must be developed on the basis of an integration of 
the productive capacity for military material with the 
productive capacity for civilian material.” 

Mr. Gordon cited the Buick-Oldsmobile-Pontiac As- 
sembly Div. plant at Kansas City, Kansas, as an example 
of dual-purpose operation. It was erected during World 
War II for building bombers. Subsequently it was 
leased for use as an automobile assembly plant. 
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It is now rapidly approaching concurrent production 
of fighter planes and automobiles. Total floor area is 
1,725,000 sq ft, of which approximately 542,000 sq ft 
will be used in aircraft manufacturing operations, with 
the remainder allotted to assembly of automobiles. A 
large portion of the facility is usable for both purposes, 
such as offices, drafting rooms, power plant, receiving 
and shipping facilities, railroad sidings, parking areas, 
hospital, tool rooms, and maintenance areas. The plant 
can produce planes and cars at varying ratios, or it 
can go to maximum capacity on either item in approx- 
imately the time required to establish flow of needed 
materials and sub-contractors’ parts. 

Under conditions of dual-purpose operation, a por- 
tion of the floor area will not be used for production. 
It will be relatively small, however, and initial cost 
plus maintenance, over a period of years, will be far 
less than would have been spent had the facility been 
authorized for present emergency production alone. It 
is also possible that time required to meet a future 
emergency might well be more important than the cost. 


New Compaction Process Permits 
Plant To Be Constructed on Sand 


In Bonnie, Fla., the first large scale plant in the 
United States to be built on sand is reported to be 
nearing completion. The new $12 million plant, known 
as Bonnie Phosphate Chemicals, is being constructed 
by The Rust Engineering Co. for International Minerals 
and Chemical Corp. Key to the new construction tech- 
nique is a compaction process called Vibroflotation. 

Site of the new plant was chosen because of its prox- 
imity to the Bone Valley Gravel from which phosphate 
is recovered. Soil studies indicated an uncertain base 
of loose sand, a sandy matrix stratum and a layer of 
compressible sand and gravelly clay. Suitable bearing 
strata was found only at a depth of some 60 ft. This 
created a foundation problem, since the soil not only 


(Continued on page 92) 
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LUMINOUS CEILING USED IN CONTROL ROOM ~ 


To help provide better working conditions in the control room at a 
power station of Philadelphia Electric Co., engineers specified use 
of a luminous ceiling. Good brightness level on working areas, with 
minimum glare and virtually no shadow, was reported. At the same 
time, source brightness remains relatively low. Light from continuous 
runs of cold cathode tubing is diffused by panels of white translucent 
Plexiglas, a product of Rohm & Haas Co. 
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0% SAVINGS IN WATER 


Yes, the figures are amazing—but true! A 
Gilbert-engineered waste-treatment sys- 
tem reduces the monthly water bill of 
the Norristown Magnesia & Asbestos 
Company by 50%! And that’s not all. 


This large Pennsylvania paper mill’s 
raw material losses are cut 9%, its 
product is improved in quality, plant pro- 
duction is up, and the amount of stream 
pollution now conforms to state require- 
ments. All this—a direct result of a proper 
waste-treatment system! 


Is your plant losing money because of 
an inefficient or non-existent waste-treat- 
ment set-up? It will be worth your while 
to find out how Gilbert’s specialists can 
help you. Write today—there’s no obliga- 
tion. (P. S.—Gilbert Engineers can help 
with your air-pollution problems, too!) 


FREE—a copy of Gilbert's pamphlet, 
“Reference Bibliography for Water, Sewage 
and Power Plant Engineering.” It is informa- 
tive and a handy reference for your library 
or files. Write: Gilbert Associates, Inc., 412 
Washington Street, Reading, Pa. 


The Norristown Magnesia & Asbestos Co., 
Norristown, Pa.—manufacturers of asbestos 
papers, mill board and felt papers. 


£5 ||| PGILBERT ASSOCIATES, INC. 


ENGINEERS «© CONSULTANTS © CONSTRUCTORS 
READING, PA. 


NEW YORK ° PHILADELPHIA © WASHINGTON © HOUSTON © ROME = MANILA © MEDELLIN 





FOUNDED 1906 








D THIS YOUR CONTROL PROBLEM ? 





. How to indicate a change in resistance through 
a filter due to a clogging of the filter? 

. How to indicate a change in differential across an 
orifice due to a change in air flow conditions? 

3. How to indicate an unbalanced condition of two 

air ducts? 


nr 


MERCOID 


HAS THE SOLUTION 


A Diaphragm Differential Pressure Control which 

operates from minute changes (03o0f water) in the 

difference between two pressures. 

Ranges to cover most applications—(inches of water) 

6” vac. to 6” press., and 30” vac. to 30” pressure. 
MERCURY SWITCH EQUIPPED 





AVAILABLE IN 


WEATHERPROOF 
HOUSING 


EXPLOSION-PROOF 
HOUSING 


WRITE FOR BULLETIN 


THE MERCOID CORPORATION 
4201 BELMONT AVE., CHICAGO 41, ILL. 


DIFFERENTIAL 
PRESSURE CONTROL 





NEW YORK 17, N. Y. 
205 E. 42nd Street 


PHILADELPHIA 32, PA. 
3137 N. Broad Street _ 











These doors save HEAT & HUMIDITY 
‘and maintenance, too!) for INDUSTRY! 


Consultants will want ALL details on this complete motorized 
Industricl Door Unit, packaged, ready to install by any 
plant crew. Widely used in U.S. 


PREST-0- MATIC 


complete Industrial Door Units 


for your own 
prestige, specify 


Installed against walls, they permit FULL use of existing 
doorways, evade damage. Available in Bi-Fold or Sliding 
type, all sizes. Excellent craftsmanship, special hardware, 
operating time 3'/_ seconds. 
Many special features you will 
want for reference. 


CLAR 


Illustrations and 
Catalog on request. 


DOOR COMPANY 


504 Hunterdon Street 
NEWARK 8, N. J. 

















compaction, additional sand must be provided. At Bon- 
nie, an average of 2% cu yd of sand was added by the 
time the unit was fully withdrawn. The result is a 
tightly compacted sand column about eight to ten feet 
in diameter. The columns are pounded in a pre-deter- 
mined overlapping pattern with approximately eight feet 
between centers. This pattern greatly strengthens com- 
paction, resulting in relative densities of 70 to 100 per 
cent—more than enough for high bearing capacity. 









New Compaction Process 





—Starts on page 90 


had to support heavy structures, but also had to absorb 
shock and vibratory conditions. Settlement would cause 
considerable damage to the maze of piping and chemical 
apparatus housed within the plant. 

Rust engineers suggested use of the new sand com- 
paction process, since pilings would be substantially 
more expensive and might give less stable support. The 
process was begun after thorough tests and reports 
confirmed and endorsed the original recommendation. 

Used in the process is a device called a Vibroflot. It 
consists of a tube vibrated from inside by an electrically 
driven eccentric. A 10-ton centrifugal force is produced. 
This apparatus is attached to a follow-up pipe which 
houses required water and electric lines. In operation, 
the unit is suspended from a crane and guided by 
vertical wooden leads. Vibrating at full speed, it is 
lowered into the sand while a water jet at its tip forms 
a saturated sand mass. The unit was lowered to an aver- 
age depth of 13 ft in the Bonnie project. 

The vibrator is then withdrawn in one-foot stages, 
being run at each until the vibrating action packs the 
sand as solidly as practical. To fill the void left by 
















Two crews worked 160 days to complete some 3350 


compactions required at the Bonnie Plant. Results show, 
after six months, that one of the first structures com- 
pleted has experienced no measurable settlement. Ad- 
vance estimates had allowed a maximum of one inch. 


Rust Engineering predicts the use of this technique 


in the construction of earth dams, cofferdams, and air- 
ports in sandy areas, as well as heavy industrial plants 
with vibrating equipment. 
retaining dams and underwater structures where Vibrc- 
flotation concrete can create unusually tight structures. 


Another use is in water 


(Continued on page 9-') 
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Above: Wall panel details show panel construction and 


method of joining slabs. Courtesy of Ford, Bacon & 


Davis, Inc. 


At right: Panels are cast solid or with 
insulation in a variety of sizes. They 
can be trucked to your building site 
directly from our plants in Marietta, 
Ohio, and Baltimore, Md., or cast at 
your site if it is beyond favorable ship- 
ping distances. 


Walls of this huge industrial plant 


were erected at the rate of five 
8’ x 10’ panels an hour, at a com- 
pleted wall cost of approximately 
$2.25 to $2.50 per sq. ft. Cost 
varies slightly depending on ship- 
ping distance from plants, stand- 
ardization in panel sizes, etc. 








precast, concrete : 
insulated wall panels: 






Whatever the weather—cold or hot, wet or dry—you can start 
that new plant, now, and finish it ahead of schedule, with MARIETTA 
“sandwich” wall panels . . . and trim costs as much as 30% under 
comparable masonry construction! Yes, these large, easy to handle 
panels actually cut labor and application time . . . close in large 
areas quickly .. . bolt directly to building framework and go up in 
half the time required to erect conventional walls. 

MarizTTA panels consist of two layers of reinforced concrete 
separated by rigid insulation . . . concrete tests 4,300 psi in 7 days 
. . . although only 5 inches in thickness, they give an insulating 
(U-value) of 0.14 compared with .36 for 12” of brick. Panels have 
uniform appearance and pre-finished exterior and interior surfaces. 

















Let our Engineering De- 
partment help you speed 
the construction of your 
next building and cut labor 
costs. They'll supervise the 
design, production and 
erection of MARIETTA 
precast, concrete insulated 
wall panels specifically de- 
veloped for your needs. 
Write now for their help. 














































NEWS 


Pre-Printed Tape Eliminates 
Drafting of Repetitive Symbols 


—Starts on page 56 


a new pre-printed pressure sensitive tape manufactured 
by Labelon Tape Co. The company reports that one- 
third of all General Electric plants are among the list 
of large users already using the product. 

In addition to eliminating the tedious initial drawing 
of repetitive symbols, the tape also permits instant 
changes in temporary layouts by simply stripping it from 
its original position and placing it in the new location. 
No re-drawing or erasing is necessary. The tape can be 
stripped off repeatedly without leaving a mark or losing 
its adhesive quality. 

All standard symbols for walls, aisles, conveyers, 
monorails, center lines, columns, shafts, stairways, ser- 
vice lines, railroad tracks, sidings, and colored arrows 
for material and process flow are available in scale of “% 






in. to 1 ft. Opaque types for photo-copying and trans- 
parent types for reproduction on standard ammonia 
vapor machines are offered. 

Additional symbols will soon be produced, together 
with a complete selection in a % in. to 1 ft scale. 

A representative selection of 15 symbols and 20 dif- 
ferent rolls may be obtained in kit form, including a 
special cutting knife and detailed instructions. Users 
may also make their own selections from the complete 
list of 45 symbols, colors and types. 


Vermiculite Is Key Ingredient 
Of New Insulating Firebrick 
Insulating firebrick that increases furnace efficiency 


and helps reduce operating costs has been introduced 
by Zonolite Co. Made of vermiculite and clay binders, 





94 


Large savings in costly drafting time are claimed for 



















it has an extremely low thermal conductivity which 


prevents excess heat loss. 


Extensive testing by Zonolite indicates that the bricks 
have high resistance to cracking caused by impact or 


thermal shock; have good physical and chemical stability 





within their temperature range; and are easily sawed 
and fitted without breakage. 

Although developed primarily as back-up insulation 
for refractory brick in service up to 1800 F, the brick 
also can be used for facing material in applications 
where it is not subjected to mechanical abrasion or ex- 
posed to molten slag or metal. 

Bricks are made in standard nine inch series. Any 
good mortar can be used with them. Density is listed at 
35 lb per cu ft. Weight per brick is 2.1 lb. Thermal 
conductivity is 1.25 at 700 F mean. Per cent linear 
shrinkage is 0.1 after reheating to 1600 F, and 2.0 after 
reheating to 1800 F. 


Anchor For Underground Insulated 
Piping Reduces Heat Loss 


Durant Insulated Pipe Co. has been granted basic 
patents on a new type of insulated anchor for use in 
underground insulated pipe systems conveying hot or 
cold liquids or gases. The anchor is so constructed that 
contact is eliminated between anchor plate and pipe. 
The anchor plate is insulated from the pipeline both 


thermally and electrically by a non-compressible block 
of Transite sheet material. 

Design and material serve to minimize heat loss at 
anchorage points and prevent pipeline corrosion due to 
electrolytic action. The entire line can now be insulated 
from ground by taking supplementary precautions to in- 
sulate the line at the terminals. 
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They'te on the March for Steam! 


Like the folks at party caucuses, heating engineers have been known to have 
some sharp differences of opinion... but there are still plenty of experienced 
men casting their vetes for steam. 


Particularly in schools and institutions that old campaigner, steam, is 
going strong. One of the many examples of this is the plant in the recently 
constructed North Ward School at McCook, Nebraska. The gas-fired 
DM-61 Fitzgibbons boiler which heats this modern school is pictured here. 
It was installed by Quality Plumbing & Heating Co. The architect is 
J. W. Radotinsky. 


Very much in the picture is the safety provision always found in a well 
engineered job — the McDonnell Boiler Water Level Control. The control 
installed here is the McDonnell No. 247-2 combined boiler water feeder 
and low water cut-off. It is the standard No. 47-2, illustrated opposite, without 
Quick-Hook-Up fittings. Instead of being installed in the gauge glass tap- 
Pings, one-inch equalizing pipe is used on boilers of this kind which have 
independent water columns. 

Yes, water level control gets an almost unanimous vote for all the new 
Steam jobs, but there are still hundreds of older steam plants that do not 
have low water protection ... and need protection even more! Are you 
going after this profitable business? 


MCDONNELL & MILLER, INC.,3500 N. Spaulding Ave., Chicago 18, Ill. 


Dong Ore NIN Shing Wel. 


CDONNELL 



















br Level Conteole- 


Boiler room of new McCook 
(Neb.) North Ward School. 
Heating Contractor: 

Quality Plumbing & Heating Co. 


Architect: 
J. W. Radotinsky 














No hand-fired steam 
boiler should be 
without the No. 47 
Boiler Feeder — no 
automatically - fired 
boiler without the 
No. 47-2 feeder 
cut-off combination. 
Constantly improved year after year, the 
No. 47 is the last word for boilers up to 
5000 sq. ft. capacity; maximum steam pres- 
sure, 25 lbs. Other types for larger and . 8 
higher pressure boilers. 
4, 


MDonnell No. 67 


Next best thing. to 
the No. 47-2 for the 
automatically - fired 
boiler is the No. 67 
Low Water Fuel Cut- 
off. It is for boilers 
of any size, maximum 
pressure, 20 lbs. 



































MCDonnell 


No. 150 


For those higher pres- 
sure boilers (maximum, 
150 bbs.) the No. 150 

is the answer. It con- 
trols the feed pump directly from the boiler 
water level; also provides low water fuel 
cut-off and low water alarm when desired. 
Same control made with integral water 
column for easy installation — the No. 157. 
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ESHBAGH’S 
Handbook 
of 

ENGINEERING 
FUNDAMENTALS 


by 39 Specialists 
Edited by OVID W. ESHBACH, 


Dean, Northwestern Technological 
Institute 


Completely Revised and Rewritten 
to Fit the Needs of Engineers Today 
with New Emphasis, New Tables, 
240 MORE Pages! 


our complete one-volume technical ref- 
erence . . . comparable to a dozen or 
more specialized books . . . now more use- 
ful than ever! We canvassed engineers 
across the nation for opinions and ideas, 
then 39 prominent experts revised and 
rewrote every section of this famous “best 
seller” in line with your current needs. 
Incorporates new knowledge, changes of 
emphasis and methods of presentation, new 
pictures and tables, to give you the most 
up-to-the-minute compendium of general 
engineering knowledge possible. 


USERS NOW REPORT... 


*. . . strictly top in its classifica- 
tion; containing an amazing wealth 
of well organized information. . .” 
—Jerome H. Johnson, Pullman, 
Wash. 

*, . . a veritable mine of scientific 
and technical information in prac- 
tically all branches of engineer- 
ae O. Draffin, Urbana, 







“The Handbook is becoming a 
must for any engineer because it 
replaces so many books and offers 
so much ‘hard to obtain’ data and 
information on fundamentals.”— 


L. P. Bonneau, Quebec, Canada. 
1952 1,322 pages Illustrated $10.00 


JOHN WILEY & SONS, Inc. 
440 Fourth Ave., New York 16, N. Y. 


Please ship me ESHBACH’S HAND- 
BOOK OF ENGINEERING FUNDA- 
MENTALS (new enlarged 2nd Edition) 
entirely ON APPROVAL. Within 10 
days I will either remit $10 plus post- 
age as full payment, or return book 
and owe nothing. 


hia ig Sil Si a oO a 
GE Gr TI. oo cdcikccccccden re 
(CE122) 
Save MORE: Enclose $10 now and 
we stand all packing and shipping 
a Prompt refund if you return 
ook. 








IPING DESIGN AND ENGINEERING, first 

edition. Published by Grinnell Co., 

Inc., Providence, R. I. 224 pages, 
illustrations and tables. Price $10.00. 

Here is an unusually valuable hand- 
book for engineers engaged in the de- 
sign and application of pressure piping 
systems. In this publication, Grinnell 
Co. has compiled engineering data and 
technical information hitherto avail- 
able only by consulting a number of 
sources. To this has been added much 
material never previously published. 
An endeavor has been made to cover, 
as broadly as possible, all of the more 
important phases of piping design and 
engineering. 

Titles of chapters are: Expansion 
and Stresses, Velocity and Pressure 
Drop, Heat Transfer, Allowable S Val- 
ues, Pressure-Temperature Pipe 
Graphs, Metallurgical Briefs, Piping 
Materials, Pipe Fabrication, Pipe Hang- 
ers and Supports, and General Tables. 


Ow TO IMPROVE THE UTILIZATION OF 

ENGINEERING MANPOWER, prepared 

and published by the National 
Society of Professional Engineers, 1121 
Fifteenth Street, N. W., Washington 5, 
D. C. 56 pages. Price: $1.00 to NSPE 
members; $2.00 to non-members. 

Many industrial companies are not 
getting the best “mileage” from their 
engineering staffs. How almost 500 
companies employing some 106,000 en- 
gineers are meeting this problem in 
the face of a shortage of engineers, is 
disclosed in this report based upon the 
results of the second survey on engi- 
neering-management problems con- 
ducted by the Society’s Professional 
Engineers Conference Board for Indus- 
try. Many consulting engineering firms 
are included in the survey. 

According to findings of the survey, 
engineers can be more effectively used 
by analyzing staff assignments and by 
standardizing and simplifying many 
routine engineering jobs so that they 
could be done by supporting personnel. 
This procedure leaves the engineer free 
to concentrate on creative work. Other 
methods which have proved success- 
ful in more efficiently using engineer- 
ing manpower also are given. 

Two utilization checklists are in- 
cluded. One of these is designed to an- 
alyze the assignments of engineers to 
determine if their work assignments 
use their talents to the best interests 
of the individual and of the company. 
The second seeks to obtain the engi- 
neering staffs’ suggestions for support- 






































ing personnel assignments and other 
steps which will enable them to con- 
centrate on developing ideas and crea- 
tive engineering work. 

In 42 per cent of the companies sur- 
veyed, turnover is a problem in main- 
taining an efficient engineering staff. 
Such benefits as hospitalization and 
insurance are considered effective in 
reducing turnover, although 81 per 
cent of the companies believe that their 
relative importance has declined, par- 
ticularly among the larger companies, 
since most of them offer these benefits. 

In general, incentives were believed 
more important than benefits. The rela- 
tive importance of incentives was 
shown in the report. 


HEMICAL ENGINEERING OPERATIONS, 
by Frank Rumford, Ph. D. Pub- 
lished by Chemical Publishing Co., 
Inc., 212 Fifth Avenue, New York 10, 
N. Y. 376 pages, illustrated. Price $7.50. 
In this book the author has endeav- 
ored to give a clear picture of the basic 
principles of the operation of chemical 
plants. The most important processes 
used in the chemical industries are 
discussed. Mr. Rumford also describes 
and illustrates principal types of ap- 
paratus for carrying out each process. 
Theoretical aspects of chemical works 
procedures are covered, and their 
mathematical foundations are given. 
Considerable space is devoted to the 
practical phases of the subject. Proc- 
esses and equipment are evaluated 
from the viewpoint of efficiency and 
economy. [Illustrative examples are 
listed for every operation treated, in- 
cluding the calculation of results and 
graphical presentation. 


EGAL GUIDE FoR CONTRACTORS, ARCHI- 

TECTS, AND ENGINEERS, by I. Vernon 

Werbin. Published by McGraw- 
Hill Book Co., Inc., 330 W. 42nd St., New 
York 36, N. Y. 374 pages, illustrated. 
Price $4.75. 

In this book, Mr. Werbin discusses 
83 cases of contract litigation and gives 
sound advice for minimizing these legal 
headaches. The author is both a licensed 
professional engineer and a practicing 
lawyer. Much of the author’s 35 years’ 
law practice has been in contract liti- 
gation. After 17 years work as an engi- 
neer, mostly in connection with New 
York City’s subways, he was admitted 
to the bar in 1917, and at that time be- 
came counsel for the Bradley Con- 
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tracting Co. Out of this unique experi- 
ence he explains the rights in litigation 
of contractors, architects and engineers, 
and tells what steps must be taken to 
preserve these rights. He not only 
shows how to deal with specific types 
of legal problems when they do occur, 
but also specifies how to prepare con- 
tracts that won’t cause trouble. 
Prior to writing this book, Mr. Wer- 
bin thoroughly researched all reported 
cases involving construction, engineer- 
ing and architectural contracts handed 
down by every court in the U. S. Perti- 
nent contract provisions, the court’s 
decision, and the basis for the decision 
are given for each of the cases selected 
for this practical book. For this reason, 
the guide, though written for laymen, 
should be equally valuable to lawyers 
who handle engineering and construc- 
tion litigation, since each principle of 
law is sustained by a case citation. 


DVANCED MECHANICS OF MATERIALS, 

second edition, prepared by Fred 

B. Seely and James O. Smith, pro- 
fessor emeritus and professor, respec- 
tively, of theoretical and applied me- 
chanics at the University of Illinois. 
Published by John Wiley & Sons, Inc., 
440 Fourth Ave., New York 16, N. Y. 
443 pages. Price $5.50. 

For twenty years a standard work in 
its field, this volume supplies a compre- 
hensive view of the fundamental con- 
cepts and methods used in the analysis 
of stresses in structural and machine 
members. Designed for all engineers 
interested in the strength of materials, 
it emphasizes the relationships be- 
tween design, stress formulas, failure 
of materials, and failure of machine or 
structural parts. 

In the process of modernizing this 
edition, the authors have introduced 
two completely new sections. These 
cover the influence of small inelastic 
strains on the load-carrying capacity 
of members, instability, and buckling 
loads. Other thoroughly up-to-date 
discussions include preliminary consid- 
erations of stress and strain, special 
topics on the strength and stiffness of 
members subjected to static loads, lo- 
calized stress-strain concentration, and 
energy methods. 


H222" OF APPLIED HyYDRAULICS, 
second edition, by Calvin V. Davis 
and 21 contributing specialists. Pub- 
lished by McGraw-Hill Book Co., Inc., 
330 W. 42nd St., New York 36, N.Y. 
1272 pages, 866 illustrations. Price $15.00. 
Covering every branch and subdivi- 
sion of hydraulic engineering, the hand- 
book presents the planning and design 
principles that are basic to each. Then, 
with many examples selected from re- 
cently constructed projects here and 
abroad, it demonstrates the practical 
applications of these principles and 
theories. Supplied is a wealth of au- 
thoritative data, new design techniques 
and useful formulas for such modern 
hydraulic projects as: reservoirs, dams, 
spillways, hydroelectric plants, naviga- 
tion locks, irrigation systems, sewerage 
treatment structures, and pipelines. 
Four new sections deal with water 
hammer, surge tanks, speed regulation 
and governing stability, and navigation 
locks. An enlarged section on gravity 
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dams discusses the structural behavior 
of several recently built structures. The 
treatment of spillways and stream bed 
protection includes new design tech- 
niques and data on discharge coeffici- 
ents. Several important hydroelectric 


projects, with special reference to 
underground stations, also are covered. 
Significant advances achieved in hy- 
draulic engineering as a result of vari- 
ous river development programs also 
are incorporated in this second edition. 
Another major change is a completely 
new section on hydrology written strict- 
ly from the design viewpoint. 

Calvin V. Davis, the Editor-in-Chief, 
has a notable background of experience 
that includes the planning and design 
of 45 large hydraulic projects in the 
U.S. and foreign countries. Formerly a 
principal planning engineer and project 
engineer for the TVA, and chief engin- 
eer of the Ambursen Engineering Co., 
he is now vice-president of Harza En- 
gineering Co. At present, he is directing 
the planning and design of Bekme Dam 
in Iraq, as well as handling the con- 
sultant work on a number of other 
water development programs. 


NDUSTRIAL HEAT TRANSFER, by F. W. 

Hutchinson, Professor of Mechanical 

Engineering, University of California. 
Published by The Industrial Press, 148 
Lafayette Street, New York 13, N.Y. 
315 pages, including 123 working charts. 
Price $6.00. 

Solution of problems on heat trans- 
fer between industrial fluids involves 
complex formulas as well as time-con- 
suming determination of viscosity, 
specific heat and density. To simplify 
this, Professor Hutchinson, nationally 
known as a consultant on heat transfer, 
has originated this book. Featured in it 
are 123 working charts from which a 
direct solution of heat transfer problems 
can be obtained for 70 industrial fluids 
ranging from air and acetylene to sulfur 
dioxide and water. These graphs are 
equal in accuracy to the equations 
from which they are derived. They are 
printed on a special hard-finished pa- 
per to permit pencil construction lines 
to be made directly on the pages and 
erased after the problem is solved. 

Considerably more than the graphical 
solutions are included. As a further aid, 
the page opposite each chart gives the 
equation for the graph, its limitations, 
its extension and the references to the 
discussion of that equation in the text. 
An actual example is given, and its 
solution is shown on the graph. 

Each chapter consists of three parts. 
At the beginning, the fundamental 
theory is discussed and equations re- 
lating to the evaluation of heat transfer 
coefficients and rates are developed. At 
the end are presented the graphs re- 
ferred to in the foregoing. 

Six chapters in the book are: Intro- 
duction, Conduction, Radiation, Con- 
vection, Combined Heat Transfer, and 
Forced Convection. The last chapter 
will be of particular value to the en- 
gineer since it covers forced convection 
of gases and liquids, whether heating 
or cooling, within or outside of pipes. 

Engineers who must make accurate 
calculations of heat transfer coefficients 
and rates in designing or specifying 
actual installations will readily appre- 
ciate the time saved in solving problems 
by the graphical method. 











Stop 


Operation Troubles! 


BOILER 
FEEDWATER 
TREATMENT 


By F. J. Matthews 


207 pages 

3rd Revised, enlarged ed. 1951 $4.50 

Gives the results of the most 
recent research in this field. The 
new developments in plant con- 
struction, the basic problems 
such as caustic embrittlement, 
carbonate and phosphate con- 
ditioning, and the mechanism 
of scale formation, are well 


covered. 


PARTIAL CONTENTS 





Effect of Scale 
Lime-soda Process 


Nuclear Precipitation 


Zeolite or Base-exchange 
Softeners 


@ Corrosion by Differential 
Aeration 


@ De-aeration by Chemical 
Methods 


@ Corrosion by Carbon Dioxide 


@ Balanced Layer Film 
Formation 


@ Prevention of Priming 
@ Blowdown Control 


@ Control Tests for Softening 
Raw Water 


@ etc. 


Order Your Copy Today From 


INDUSTRY AND POWER 


420 Main Street St. Joseph, Mich. 
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